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Armstrong, Robert B., c/o Messrs. Day, Summers & Co., Northam 

Ironworks, Southampton 

Armstrong, Walter, 14, Elwin Terrace, Sunderland 

Arnison, Geo., 36, Fawcett Street, Sunderland ... (N A $t SUR) 

Ascroft, Frederick W., 11 Park Street, Lytham (E) 

Atherton, William Henry, B.Sc, 113, Withington Road, Whalley 

Range, Manchester 

Atkinson, F. C, 37, Croydon Road, Newcastle-upon-Tyne 

Atkinson, George H., 3, Acclom Street, Hartlepool 

Atkinson, John Joseph, 7, Swiss Road, Elm Park, Fairfield, 

Liverpool (E) Mar. 1891 



(E) 
(E) 

(E) 
(S) 

(E) 
(S) 



(E) 
(E) 
(E) 



Nov. 1899 
Jan. 1889 

April 1899 
Nov. 1892 

Oct. 1887 
May 1899 
Nov. 1884 
May 1900 

Oct. 1891 
Dec. 1892 
Nov. 1898 



B. 

Bagnall, T. W., The Groves, Winlaton 

Bailey, Charles H., Tyne Engine Works, Newport, Mon 

Bailey, James, 3, South Avenue, Ryton-on-Tyne 

Bailey, James N., 3, South Avenue, Ryton-on-Tyne 

Bailey, James T., 82, The Avenue, Wallsend-on-Tyne 

Baines, Geo. Henry, c/o Messrs. W. Gray k Co., Central Marine 

Engine Works, West Hartlepool 

Baird, Alexander, D, Delaval Road, Whitley Bay, Northumberland 

Bainl, Gcorj,'e, 25, Newcastle Road, North Sliields 

Baird, Robert, 13, Hylton Terrace, North Shields 

Maker, E. F., H.M.S. " Maj^'dala," Bombuy, British 

India (E) 



(F M) Nov. 
(E) Mar. 
(E) Nov. 
(E) Nov. 
(E) Feb. 



Barbour, John, South View House, South Shields... (E) 



(E) Oct. 
(E) Oct. 
... (E) Oct. 
... (E) Jan. 
( Graduate, Nov. 
I Member, Feb. 
j Graduate, Nov. 
I Member, Oct. 
...(SUR) Nov. 



Barclay, James, Lloyd's Register of Shipping, Swansea ... 

Biirloy, C. J., c/t) Mcsi*rs. The London Klectric Supply Cor- /Graduate, Feb. 

poration, Stowaf,'e Wharf, Deptfonl,London, S.E. ...(E) I Member, Dec. 



1893 
189« 

1884 
1898 
1899 

1888 
1898 
1892 
1890 
1892 
1898 
1890 
1898 
1888 
1885 
1886 
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Barley, Wm. M. F., 14, Croft Terrace, Jarrow-on-Tyne (F) Nov. 1899 

Barnard, Robert, 11, Guildford Place, Heaton, Newcastle-upon- 
Tyne (E E) Mar. 1899 

Bamett, Jamea Rennie, Westfield, Crookston, Renfrewshire, N.B.. (S) Oct. 1889 

Barrett, A., Staith House, West Hartlepool (E) May 1896 

Barron, T. G., Hobourne, Blswick Road, West Hartlepool ... (E) Oct. 1888 
Batey, John Thomas, 25, Harrison Place, Newcastle-upon-Tyne ... (S) Nov. 1885 
Batliboi, Jehangir Framji, 71, Apollo Street, Fort, Bombay ... (E) Dec. 1888 
Baxter, J., 26, Simonside Terrace, Heaton, Newcastle-upon-Tyne (E) Nov. 1884 
Beadon, D. C, " Stoneham," Beech Grove Road, Newcastle-upon- 
Tyne (E) Jan. 1885 

Beilby, Norman Harry, 1, Kingsley Place, Newcastle- j Graduate, Dec. 1893 
upon-Tyne... (E) ' Member, Dec. 1899 

Bell, Geo. Arthur. 48, Crown Street, Newcastle-upon-Tyne (E) | ^^^.duate, Oct. 1 890 

^ / Member, Jan. 1894 

Bell, Joshua Robson, 40, Hill Street, Jarrow-on-Tyne (S) Mar. 1899 

Bell, William, Messrs. Cleland's Slipway Co., Willington Quay- 

on-Tyne (E) Nov. 1888 

Bell, William T., 175, Coatsworth Road, Gateshead-on-Tyne ... (E) Nov. 1898 
Bennet, Percy M., 190, Heaton Road, Newcastle-upon-Tyne ... (E E) Dec. 1899 

Berkley, A. B., Kent Villad, Jarrow-on-Tyne (E) Mar. 1887 

Bigge, D. L. Selby, 27, Mosley Street, Newcastle-upon-Tyne ... (E E) Nov. 1894 
Billetop, Torben Christian, 3, Guildford Place, Heaton, Newcastle- 
upon-Tyne (E) Nov. 1896 

Bindesboll, S. C. W., Aktieselskabet Helsingors Jernskibs- og 

Maskinbyggeri Helsingor, Denmark (S) Nov. 1884 

Binns, Aubrey B., 23, Thornhill Terrace, Sunderland ...(E) / ^^^duate, Oct. 1894 

M Member, Dec. 1899 

Black, J, 1, Church Street, West Hartlepool (E) Nov. 1888 

Black, Wm., 1, Lovaine Place, Newcastle-upon-Tyne (E) Jan. 1885 

Blackett, Walter, 19, Valletort Road, Stoke, Devon- » Graduate, Nov. 1886 

port (E) / Member, Nov. 1892 

Blackie, Thomas Reid, Lloyd's Register of Shipping, 2, White 

Lion Court, Cornhill, London (SUR) Nov. 1890 

Blake, James, Northbrook, Linthorpe, Middlesbro' (E) Nov. 1899 

Blenkinsop, John N., Marine Supt. Engineer, Great-Eastern Rail- 
way, Parkeston Quay (E) Oct. 1885 

Blomberg, Carl A., 2262, North 19th Street, Philadelphia, Pa., 

United States of America (E) Oct. 1896 

Blow, Charles, 104, Meldon Terrace, Heaton, Newcastle-upon- 
Tyne (E) Nov. 1898 

Blumer, Wm., Woodside, Sunderland (S) Dec. 1886 

Boddy, John, 96, Dock Street, Newport, Monmouthshire (E) Dec. 1888 

Bodin, Lauritz M., 68, John Street, Sunderland (E $t SUR) Dec. 1889 

Bomphrey, Archibald M., 25, James Watt Terrace, Barrow-in- 
Furness (S) Oct. 1898 

Bone, W. J., 61, Linskill Terrace, North Shields (S) Dec. 1884 

Bonnyman, James Smith, 64, Plasturton Avenue, Cardiff (E) Nov. 1889 

Boolds, Jas. H., Woodlands Road, Middlesbrough (S) Oct. 1886 

Booth, Edward Spence, Box 5124, Boston, U.S. America ... (M S $t N A) Oct. 1889 
Booth, John William, Union Foundry, Kodley, near Leeds ... (E) April 1892 
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Borrowman^ William CameroD, Wh.Sch., Newstead, Grange Road, 

West Hartlepool (E) Oct. 1898 

BoBi, Guiseppe, Presso Rastelli, Sampierdarena, Genoa, Italy (E $t NA) Jan. 1894 

Bowden, John, Sheriff Mount, Gateshead-on-Tyne (E)/,, , '/^/,««o 

^ \ Member, Oct. 1898 

Boyd, Arthur, Lloyd's Register of Shipping, Bute Docks, Cardiff (E SUR) May 1896 

Boyd, Wm., North House, Long Benton, Newcastle-upon-Tyne ... (E) Nov. 1884 

Boyt, John T., 802, Walnut Street, Philadelphia, Pa., U.S.A. ... (E) Nov. 1893 

Bramwell, Balfour, c/o Messrs. Harland & Wolff, Engine J Graduate, Nov. 1886 

Works, Belfast (E) (Member, Nov. 1887 

Brankston, R. T., 36, Hawthorn Street, Newcastle-upon-Tyne ... (E) Nov. 1884 
Brash, James, c/o Messrs. Ernest Scott, Mountain & Co., Close 

Engine Works, Newcastle-upon-Tyne (E E) Nov. 1897 

Brew, George, c/o Messrs. Furness, Withy Sc Co., steamship owners, 

Montreal (SUR $t C E) May 1896 

Brigham, Robert F., 5, Argyle Terrace, South Shields (E) Mar. 1897 

Broadbent, Frank, c/o Messrs. J. H. Holmes & Co., Portland Road, 

Newcastle-upon-Tyne (E E) Nov. 1893 

Brock, Henry W., c/o Messrs. Wm. Denny & Bros., Dumbarton (E $t S) Nov. 1899 

Brockett, Charles, 35, Milton Road, West Hartlepool (E) Feb. 1899 

Brotherston, James, 2, Salisbury Street, Sunderland (E) Oct. 1895 

Brown, Eugene, c/o Messrs. J, H. Holmes & Co., Portland Road, 

Newcastle-upon-Tyne (E E) Feb. 1886 

Brown, Geo. Matthew, Birk Heads, Marley Hill, Swalwell, r Graduate, April 1895 

R.S.0 (E) I Member, Nov. 1897 

Brown, James, c/o Sociedad Anonima, de los Astilleros del Nervion, 

Bilbao, Spain (E) Mar. 1891 

Brown, Percy J., Salem Cottage, Sunderland (E) May 1899 

Brown, Robson, 32, Salmon Street, South Shields (E) Nov. 1889 

Brown, T. R., 27, Ripon Street, Sunderland (E) /^^raduate. May 1885 

^ ' I Member, Oct. 1886 
Brown, William, c/o Messrs. Siemens Brothers & Co., Woolwich... (E) April 1887 
Browne, Sir B. C, Westacres, Benwell, Newcastle-upon-Tyne (C E) Jan. 1886 

Buchanan, A., Michaelson Villa, Barrow-in-Furness (S) Nov. 1884 

Buchanan, John H., Oswald Chambers, 5, Oswald Street, Glasgow(SUR) Oct. 1888 
BucklandjH.B., Baltic Chambers, Quayside, Newcastle-upon-Tyne (E) Nov. 1885 
Buckwell, George William, Board of Trade Surveyor's Offices, 

Sunderland (SUR) Oct. 1896 

Bull, John Catharinus, 29, Bexley Heath, Erith, Kent (E) Oct. 1892 

Bulraer, Frederick Charles, 2, Qraingerville North, New- i Graduate, May 1894 

castle-upon-Tyne (E) j Member, Oct. 1895 

Bulmer, John, 2, Graingerville North, Newcastle-upon-Tyne ... (E) Mar. 1886 
Bulmer, Jchn Georere, 34, Brighton Grove, Newcastle-upon-Tyne (E) May 1894 
Bulmer, Septimus, 49, Brighton Grove, Newcastle-upon- r Graduate, May 1894 

Tyne (E) \ Member, Dec. 1899 

Burbidge, Alfred H., Backwell Rectory, Bristol ... (E) ( ^^^a^uate, Oct. 1895 

' Member, Oct. 1898 
Burnett, Norman, Watergate Buildings, Newcastle-upon-Tyne ... (E) Oct. 1891 
Bumey, Charles E., Lloyds Registry of Shipping, 12, Oriel Cham- 
bers, Liverpool ... (SUR) Nov. 1898 

Bush, Montague (E E) Nov. 1896 

Bushell, Chas. A., 1, Benton Terrace, Newcastle-upon-Tyne (N A Ic SUR) Nov. 1893 
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:Butterfield, George, 4, Kayll Road, Sunderland (S) Nov. 1884 

Bntterworth, George Herbert, 53, Park Crescent, North Shields... (E) Nov. 1899 

^uchan-Sydserflf, Thos., 2, Claremont, Knowle Road, Bristol ... (E) Oct. 1888 

JByer8,Wm.Luni8den, 11, Norf old Street, Sunderland (E) May 1900 

C. 

-Claims, C. W., M. Sc, 4, Hollow Lane, New Bams, Barrow-in- f Graduate, Nov. 1894 

Furness (E)t Member, Dec. 1897 

CZJ^rr, Wilson Story, 14 Percy Gardens, Tynemouth (C E) May 1900 

C5«rverhill, E. A., 19, Crown Street, Newcastle-upon- /Graduate Oct. 1898 

Tyne (E E) I Member, Dec. 1899 

C^ama, Nusserwanji Bomanji, Sleater Road, Tardeo, Bombay, 

British India (E) Dec. 1888 

•Oameron, Angus, c/o Sir James Laing, Bart., Deptford Yard, 

Sunderland (S) Nov. 1892 

Oampbeii^ J. Jennings, Bureau Veritas Register of Shipping, 155, 

Fenchnrch Street, London, E.C. (E) Oct. 1888 

^-^nipbell, John M., 4, Winchester Terrace, Newcastle-upon-Tyne (N A) April 1895 
<^ampbell, Thomas, c/o Messrs. Hills Dry Dock Co., Cardiff ... (S) Mar. 1894 

OampgH B J 25, Cross Street. Islington, London, N (S) Oct. 1894 

"^ant^jjig^ Chas. E., c/o Messrs. Barmeister & Wains, Ship- /Graduate, Dec. 1897 
builders, Copenhagen, Denmark ... ... (S) I Member, Nov. 1899 

^*miell, Frank, Messrs. H. Parry & Son, Lisbon (E $t S) Nov. 1887 

^arn^y J HQlen^ariffe. Stow Park, Newport, Monmouth ... (E) Mar. 1897 
^ ^^stons, Samuel, Messrs. Burmeister & Wains, Maskin-og Skibs- 

byggeri, Copenhagen, Denmark (S) Dec. 1887 

^^rt^r^ Geo. J., Elswick Shipyard, Newcastle-upon-Tyne (N A) Dec. 1897 

• C**^'^' '^*™^' ^^' Philpot Lane, London, E.C (E) Nov. 1891 

OK^^^^' John L., 703, Guk-enstug, Naarden, Holland (E) Mar. 1886 

^^^^^bers, John, 114, Sidney Grove, Newcastle-upon-Tyne ... (E) Dec. 1897 

*^«nan, Harry Reynolds, Messrs. Clarke, Chapman & Co., 

^^ ^ Oateshead-on-Tyne (E) Mar. 1893 

^r^^lton, Henry, 1, Millfield Terrace, Gateshead-on-Tyne ... (E) Nov. 1884 

^^^^Xton, R. B., Jun., Manors Kailway Station Works, Newcastle- 

^, upon-Tyne (E) Nov. 1884 

Q^'^l^ton, T., 25, Lincoln Street, Gateshead-on-Tyne (E) Nov. 1884 

Ch ^"* ton, Thomas, The Cedars, Millhill, West Cowes, Isle of Wight (E) Nov. 1890 
^t^on, Edward Catmore, 27, Larkspur Terrace, Newcastle-upon- 

Qy^ Tyne (E) Oct. 1894 

^"^*^, Thos. Wm. Fry, c/o Messrs. The Greenock Foundry Co., 

^^. <Jreenock ... (E) Oct. 1894 

^^en, Thomas, c/o Messrs. Newport Engineering and Ship 

Q-. . Repairing Co., Newport. Monmouth (E) Oct. 1892 

I^Y^^^^n, Joseph, 73 Then .sa Street.. Blaydon-on-Tyne (E) Dec. 1899 

^3> ^^^t)lm, Alexander, 92, George Road, Wallsend-on-Tyne ... (S) Mar. 1893 

0^^^^tie, C. J. D., Neptune Works, Walker-on-Tyne (S) Nov. 1884 

^2*> ^^^tie, J. D., Woodxide, Tynemouth (S) Nov. 1884 

Qx^^^^ie, Reginald, Woo<lside, Tynemouth (E t) 

^, "*^Htie, David M., 9->, Great Western Road, Glasgow (E) Mar. 1900 

^^\ie, James Henry, Birkenhead Ironworks, Birken- i Graduate, April 1891 
head (S) ) Member, May 1894 

Vol. XVI.-1889.1900. * 




XVUl 

■LECTED. 

Clark, Charles, c/a Mesare. Robert Irvine & Co., Tower Chambers, 

West Hartlepool (E) Jan. 1897 

Clark, Geo., Southwick Engine Works, Sunderland (E) Nov. 1884 

Clark, George, Jan., Southwick Engine Works, Sunderland ... (E) Feb. 1888 

Clark, Henry, Southwick Engine Works, Sunderland (E) Oct. 1887 

Clarke, Harry, Lloyd's Register of Shipping, Leith (E) Mar. 1897 

Clarke, Henry Trevisa, Deptford Shipyard, Deptford, Sunderland (S) Mar. 1892 
Clarke, William Henry, 6, Bolton Terrace, Newcastle-on-Tyne ... (E) Dec. 1896 
Cleghorn, Alexander, Datcha, Scotstounhill, near Glasgow ... (E) Feb. 1897 
Coates, Matthew C, 26, Denmark Street, Gateshead-on-Tyne ... (E) Nov. 1897 

Cohn, William M., 2, Marine Terrace, North Shields (S) Nov. 189a 

Coleby, James W., 42, Bums Terrace, Willington Quay-on- J Graduate, Oct. 1891 

Tyne ... (E) iMember, Jan. 1894 

Coletti, Silvio, 16, Via MasoneBergano, Italy (S) Dec. 1895 

Common, John B. A., Lloyd's Register of Shipping, 342, Argyle 

Street, Glasgow ... ... (E) AprU1896 

Conr^di, Carl, Prinsens Gade 2b, Christiania, Norway (E) Nov. 1884 

Consiglio, Luigi, 8, Via Patemo, Palermo (N A) Nov. 1890 

Cookson, John A., 26, Whitehall Road, Gateshead-on- J Graduate, Dec. 1895 

Tyne (E) t Member, Nov. 1897 

Cooper, Burjorjee S. N., Sea View, Mahim, Bombay, British India (E) May 1900 

,^^ (Graduate, Nov. 1891 
Cooper, b:dney (E) {Member, May 1895 

, Coote, Arthur, Messrs. R. & W. Hawthorn, Leslie, & Co., Hebbum- 

on-Tyne (S) Nov. 1884 

Cornish, H. P., Lloyd's Register of Shipping, 28, Kattendyk, 

Oucst Quai, Antwerp ... (E) Oct. 1888 

Couche, Henry Drew, c/o Messrs. Laird Bros., Birkenhead ... (S) Oct. 1891 

Coull, Alex. B., Baltic Chambers, Newcastle-upon-Tyne (C E) Jan. 1898 

Courtier- Dutton, W. T., British Corporation Registry of Shipping, 

69, St. Vincent Street, Glasgow (S SUR) Aprill890 

Cowan, Robert, 14, Osborne Avenue, South Shields (E) Dec. 1896 

Cowens, William Edward, c/o Messrs. John Abbot & Co., Gateshead- 
on-Tyne (E) Dec. 1889 

Cragas, Adolphus, Ivy House, Pelton, Chester-le- Street (E) i Graduate, Dec. 1897 

^^ ' * -^ ^ M Member, Nov. 1899 

Craggs, Eniest H., Messrs. R. Craggs & Sons, Middlesbrough ... (S) Oct. 1888 

Craig, Robert, Page land House, Grange Road, West Hartlepool ... (E) Nov. 1892 

Crawford, Jas., 8, Salmon Terrace, South Shields (S SUR) Nov. 1886 

Crofton, Charles, 17, Albany Terrace, Whitley Bay, North- 
umberland (E) Nov. 1895 

Crookston, John, 72, Mark Lane, London, S.E (E) Mar. 1896 

Cruddas, W. D., M.P., Messrs. Sir W. G. Armstrong, Whitworth 

& Co., Ltd., Elswick, Newcastle-upon-Tyne (E) Dec. 1884 

Cruickshank, Alexander, The Admiralty, Albany Buildings, 47, 

Victoria Street, London, S.W (SUR) Mar. 1892 

Cumming, William, c'o Mr. Hyslop, Hampton House, Grey Street, 

St. Kilda, Melbourne, Australia (E)Mar.l896 

Cummins, W. R., 17, Victoria Street, Loughborouirh (E) Nov. 1884 

Cunliffe, Tom Arthur, 26, Ormonde Street, Chester Road, Sunder- 
land (E) Feb. 1897 
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Dale, John, 23, Whitehall Terrace, Hylton Road, Sunderland ... (E) Mar. 1897 

Dalryinple, Wm., Myrtle Cottage, nr. Cleadon, Sunderland ... (E) Dec. 1886 

Dalrymple, William, Jun., 8, Amberley Terrace, Sunderland ... (E) Dec. 1895 
Darling, W. J., Lloyd's Register of Shipping, Dock Chambers, 

Barry ... (S) April 1887 

Damey, John, c/o Messrs. Short Bros., Pallion, Sunderland ... (S) Nov. 1884 

Davis, Thos. Wilfrid, Birkenfeld, Bromley, Kent... (E) j^/^^"**^' J^°- ^H] 

I Member, Mar. 1894 

Dawson, Herbert, 7, Cuthbert's Terrace, Gateshead-on-Tyne ... (E E) Nov. 1897 

Deighton, William, Messrs. Deighton*s Patent Flue Co., Vulcan 

Works, Pepper Road, Leeds (E) Nov. 1897 

Denny, Archibald, c/o Messrs. Denny & Co., Dumbarton (S) Dec. 1891 

Denny, Leslie, c/o Messrs. Wm. Denny & Bros., Dumbarton ... (S) Nov. 1899 

Denny, Peter, Bellfield, Dumbarton (E $t S) Nov. 1899 

De Rusett, Edwin W., Warden House, Percy Park Road, Tyne- 

mouth (S) Nov. 1890 

Detchon, John, 115, Bell Terrace, Newcastle-upon-Tyne (E) Feb. 1899 

Dick, F. W., c/o Messrs. Palmer's Shipbuilding Co., Jarrow-on- 

Tyne (Ilk S M) Oct. 1891 

Dickie, James, 428, Mississippi Street, Potrero, San Francisco, 

California, U.S.A (S) Mar. 1894 

Dickie, John P., 18, Brinkburn Terrace, South Shields (E) -[ Member,""' May 1900 

Dickinson, F. T., 23, Park Place W., Sunderland ... (E) ] ?!''^l^^' ?f ^ HH 
' ^ ^ I Member. Oct. 1886 

Dickinson, James C, The Cloisters, Sunderland (E) Nov. 1884 

Dickinson, John, Park House, Sunderland (E) Nov. 1884 

Dickinson, W., The Club, Sunderland (E) Nov. 1884 

Dietze, F. C, Messrs. The Hamburg South American Steam Ship 

Company, Hamburg (E) Nov. 1893 

Dippie, Joseph Robt., 130 Albert Road. Jarrow-on-Tyne ... ... (S) April 1900 

Dixon, James, c/o Messrs. Ropner & S mis, Shipbuilders, Stockton- 
on-Tees ... (E) Dec. 1893 

Dixon, John Rochester, 79, Osborne Road, Newcastle-upon- J Graduate, Oct. 1887 

Tyne (E)lMember, Feb. 1893 

Dixon, Sir Raylton, Cleveland Shipyard, Middlesbrough (S) Feb. 1888 

Dixon, William John, R.N., H.M.S. «* Renown," ( Graduate, Mar. 1896 

Mediterranean Squadron (E) ) Member, Nov. 1899 

Dobson, Henry James, c/o Messrs. William Dobson & Co., j Graduate, Oct. 1891 

Newcastle-upon-Tyne (S) ^ Member, Feb. 1898 

Dobson, John T., 42, Ripon Street, Sunderland (S) May 1899 

Dobson, William, Shipbuilder, Walker-on-Tyne (S) Nov. 1888 

Donald, James, 58, General Gordon Terrace, Sunderland (S) Nov. 1884 

Donkin, George, St. Andrew's Engine Works, Newcastle-upon-Tyne (E) Oct. 1892 
Donovan, J. W., 5, Ash Place, Newcastle Road, Sunderland ... (E) April 1885 
Dos Santos, Apolinaris J., Rio Grande-do-Sul, Brazil ... (SUR) Nov. 1891 

Douglas, John F., c/o Messrs. Ramage & Ferguson, Leith (E) Jan. 1888 

Dove, Herbert J., 25, Ashfield Terrace W., Newcastle-upon-Tyne (E) Nov. 1896 
Downing, Nicholas, Glenbrooke, Victoria Avenue, Norton Road, 

Stockton-on-Tees (.1 F) Oct. 1894 
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Dowsen, Chas., 21, Croft Terrace, Jarrow-on-Tyne (E) Dec. 1886 

Doxford, Albert Ernest, M.A., 1, Grange Crescent, Sunder- t Graduate, Oct. 1890 

land (E)l Member, Noy. 1893 

Doxford, Charles D., Bainbridge Holme, Tunstall Road, Sunderland (S) Nov. 1884 

Doxford, Robert P., Pallion Engine Works, Sunderland (E) Nov. 1884 

Doxford, W. Theodore, M.P., PaUion Shipyard, Sunderland ... (S) Nov. 1884 
Dresfller, Gustav, AngelburgerStrasse 54, Flensburg, Bremen ... (E) Jan. 1900 

Duckitt, Jno., Leazes Gate Villa, Newcastle-upon-Tyne (E) Nov. 1884 

Duckitt, John Brentnall, 20, George Lane, Woodley, ( Graduate, Oct. 1888 

ri« Stockport, Cheshire (E E) i Member, Aprill895 

^ . . ™, ,, ,.^ -r ,, «. -r ,, , ,- m>^ fGraduate, Oct. 189 

Duckitt, Talbot, 12, Leopold Street, Loughborough (E E) -[ ^ ho O t iftQ 

Dudpreon. F. S., 30, Great St. Helens, London, E.C (E) Feb. 1886 

Dugdalc, William H., Wear Dock Yard, Sunderland (S) Mar. 1894 

Duguid, Kolxirt, c/o Messrs. Harland & Wolff, Drawing Office 

Department, Belfast (S) Oct. 1892 

Duncan, George Thos., c/o Messrs. Tangyes Limited, 3, St. Nicholas' 

Buililings, Newcastle-upon-Tyne (E) Nov. 1894 

Dunlop, Jolin, c/o Messrs. Clyde Shipbuilding and Engineering Co., 

Glasgow (S) Mar. 1898 

Dunlop, William, c/o Messrs. Otlerofu Aless^., Sestri-Ponente, Italy (E) Mar. 1888 
Dykes, George, Lloyd's Register of Shipping, Steinhoeft 3, 

Hamburg (S) Jan. 1893 

Dykes, James, 82, Park Road, Newcastle-upon-Tyne (E) May 1885 

Dykes, John, Lloyd's Register of Shipping, Oriel Chambers, 

Liverpool (SUR) Oct. 1889 

E. 

Eason, Th^s., 22, Woodbine Road, Gosforth, Newcastle-upon-Tyne (E) April 1899 
Edminson, Frank A., Ormidale, Otterbum Villas, Newcastle- /Graduate, Nov. 1893 

upon-Tyne (S) I Member, Nov. 1897 

Edmiston, Jas. B., Ivy Cottage, Highfield Road, Walton, Liverpool (E) Nov. 1886 
Edward**, Guy W., 80, Osborne Road, Newcastle-upon-Tyne ... (E) Mar. 1897 

Edwards, James Harry, Jun., High Docks, South Shields (S) Mar. 1893 

Eeles, Robert, Qaoeu Street, Newcastle-upon-Tyne (E) April 1889 

Eidman, Williiim, 6, Bradford Place, Penaith (E) Nov. 1897 

Elder, Kjlward, c/o Messrs. J. & G. Thomson, Clydebank, / Graduate, Nov. 1890 

Glasijow (S) I Member, Oct. 1892 

Elliott, William D., Hcssle, Hull (E) Nov. 1894 

English, Thos. (Lieut.-Col.), Hawley, near Dartford, Kent ... (E) Oct. 1890 
Eshelby, William. 13, Brankinj^ham Terrace, Norton Road, 

Stockton-on-Tees (E) Feb. 1888 

Evans, Lewis, c/o Ralph Carr, Esq., Maritime Buildings, King 

StP-et, Xowcastle-iipon-Tyne (SUR) Dec. 1890 

Evans, William, Superintendent Engineer, Ro«edene, Whitchurch, 

Canliff (E) Nov. 1889 

Eyres, Re^inaLl J., 8, Murton Street, Sunderland (C E) Feb. 1900 

F. 

Fairbairn, James. 54, Amberley Street, Sunderland (E) { ^^^duate. May 1885 

I Member, April 1895 
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Carina, A. J., 63, Quayside, Newcastle-upon-Tyne (E) Nov. 1884 

I^arminer, A. E., c/o Messrs. Lloyd's Register of Shipping, 8, St. 

Nicholas' Buildings, Newcastle-upon-Tyne (SUR) Jan. 1900 

^arquharson, Geo. James, c/o Messrs. Elder, Dempster & Co., 

Luisenhof , Neue Groninger Strass, 1, Hamburg (E) April 1899 

^enwick, James, B.Sc, C.E., 19, Bridge Street, Sydney, New South 

Wales (E) Oct. 1892 

•^ernandes, Charles B. L (E E) Jan. 1899 

terrier, Robert M., B.Sc, Durham College of Science, Barras 

Bridge, Newcastle-upon-Tyne (E) Nov. 1892 

^^ttes, James, c/o Messrs. R. E. Mudie & Sons, Marine Buildings 

East, Dock Street, Dundee May 1899 

^i^ld, Arthur M. (J., 63, Great Georges Street, Leeds (E E) Jan. 1898 

Firi.<>h, Herbert K., Colliery Agent, Tower House, Preston, \ Graduate, Dec. 1888 

Lancashire (E) ) Member, Nov. 1894 

Fisl^^ Thomas Wilson, Lloyd's Register of Shipping, Calcutta, 

British India (SUR) May 1892 

^l^xiiing,Charles Edward, 71, Elswick Road, Newcastle-upon-Tyne (E) Nov. 1884 

^^^t:cher. Robert, Walker Forge, Walker-on-Tyne (F M) Dec. 1886 

^^^^lir, Justus, Director der Stettiner Maschinenbau-Actien-Gesell- 

schaft " Vulcan,*' Rantstrasse 9, Stettin (E) Oct. 1886 

Fol^y^ Wm. C. le B., 3008, West Avenue, Newport News, | Graduate, Nov. 1887 

Virginia, U.S.A (S) ) Member, Oct. 1892 

'''*^^c3, John McLaren, 70, Mount Pleasant, Barrow-in-Furness ... (S) Nov. 1896 

'*Ck:r^ter, Alfred Lindsay, c/o Messrs. Clark, Chapman k Co., j Graduate, Nov. 1891 

Ltd., Victoria Works, Gateshead (E) I Member, Oct. 1895 

*^*^^>^ter, William, c/o Messrs. Dixon, Robson & Co., 2, Collingwood 

Street, Newcastle-upon-Tyne (E) Mar. 1890 

^^Xer, Henry, c/o Messrs. Galloway & Co., Knott Mills Ironworks, 

Manchester (E) Aprill885 

Fcfc«=»^ » ^ «, .,,. r- 1 1 r>. ^^ ,^n / Graduatc, Nov. 1893 

^^^%er.L. P., Trevilhs, Liskeard, Cornwall (E)4 .f v. r. . ^uno 

\ Member, Oct. 1898 

^^"^>iergill, J. R., 1, Bathgate Terrace, West Hartlepool (C E) Mar. 1886 

*~^^^^Vnes, Henry, 6, Osborne Road, Jc-moud, Newcastle-upon-Tyne (F IVI) Nov. 18H4 

^^^>*^, Carter, 7. Coxon Street, Sunderland. (E) i ^'^^^^'<'^^^ ^^^b. 18^18 

I Member, Dec. 1899 

1,*^^^^, Samson, Messrs. The Leeds Forge Co., Leeds (Life Member) (E) Dec. 1887 

~[^^^, William. 9, Winfield Terrace, Chester Road, Manchester ... (E) April 1895 

^^^3ice, Alfred Brown, 12, Bright Street, Middlesbrough ... (E) Feb. 1900 

^"^^^nki, J. P., c/o Messrs. Morts Dry Dock and Engineering Co., 

Sydney, N.S.W., Australia (E) Jan. 1886 

^""^^^r, John Holt, 48. Balliol Road, Bootle, Liverpool (E) i ^^'^^^"^^^^ ^«^- ^^^^ 
' ' ' i V y I Member, Jan. 1898 

l.*^^Mer. Thomas S., 1, The Hollies, Armley, Leeds (E ,E) Jan. 1894 

l,^^^ler. Philip S., 189, Cardigan Terrace, Gateshcad-on-Tyne ... (E) Nov. 1899 

^^^^*Tieaux, J. B., Victoria Engine Works, Gateshead-on-Tyne ... (E) Nov. 1885 

^^^e, Fred., c/o Messrs. Hawthorn, Guppy & Co., Engineers, 

Naples (S) April 1887 

G. 

^Hine. Roger L, Moor House, Hartlepool ^^^ . Graduate, Dec. 1887 

° ' f V ^ ) Member, Oct. 1894 
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Gannaway, H. G., 12, Croft Terrace, Jarrow-on-Tyne (S) Nov. 1884 

Garelli, Fabio, c/o Messrs. Odoro fu Aless^, Sestri-Ponente, Italy (S) Oct. 1896 

'Garmey, John ... ., (E) Dec. 1898 

Garthwaite, John R.,c/o Messrs. B.Ropner& Sons, Stockton-on-Tees (S) May 1889 

Gates, George, Walworth Road, Park Boad, West Hartlepool ... (E) Jan. 1899 

Gayner, Robt. H., Jun., Beech Holm, Sunderland ... (E) f^'**^^*^, Mar. 1886 
^ ' I Member, Oct. 1888 

Gearing, Ernest George, Penshurst, Clarence Drive, Harrogate ... (E) Dec. 1892 
Geddes, Christopher, 2a, Drury Lane, Water Street, Liverpool ... (E) Oct. 1888 
Gibson, H., 162, Roker Avenue, Monkwearmouth, Sunderland ... (S) Nov. 1884 
Gibson, J. Hamilton, c/o Messrs. Laird Bros., Birkenhead (Graduate, April 1891 

(E) IMember, Oct. 1894 

Gibson, Thomas, 81, Corporation Road, CardifE ... (E) -f ^'^"*^®» N^^' ^^^^ 
' ' ^ ' ^ ^ I Member, Dec. 1897 

Gibson, W. PL, 37, Tatham Street, Sunderland (E) Nov. 1884 

Golledge, William, Royal Agricultural Hall, Islington, r Graduate, Nov. 1891 

London (E E) | Member, Nov. 1896 

Good, Farrant, c/o Messrs. Bute Dry Dock Co., Ltd., Roath Basin, 

Caniiff (E) Mar. 1896 

Gordon, William James, c/o Messrs. Vickers, Sons & Maxim, 

Naval Construction Works, Barrow-in-Furness (E) Oct. 1887 

Qonlon, William Leslie, Invermark, Broughty Ferry, N.B. ... (E) April 1893 
Graham, James Thos., 126, Westmorland Road, Newcastle-upon- 
Tyne (E) Nov. 1897 

Graham, William, c/o Messrs. Osbourne, Graham & Co., Hylton, 

near Sunderland (S) Nov. 1884 

Graham, William, West House, Tynemouth (S) Oct. 1891 

Graham, William, 30, Hill Street, Jarrow-on-Tyne (S) April 1893 

Gniham. William, RockcliflFe, Redbrink Crescent, Barry Island, 

South Wales (E) Nov. 1894 

GnwoU, John, Bureau Veritas Register of Shipping, 155, Fenchurch 

Street. London, E.C (N A SUR) Nov. 1884 

Gray, A., 1, South Parade, Newcastle-upon-Tyne (E) Nov. 1888 

Gray, Geonre, 3, Cedars Crescent, Ryhope Road, Sunderland ... (E) Feb. 1888 

Green, W. G., Rose Hill, Willington Quay-on-Tyne (E; Nov. 1884 

Grtvnhow, John, 1, Bright Street, Middlesbrough (S) Oct. 1894 

Groig, l>avid William, 31, Westmoreland Road, Newcastle-upon- 

Tyno (E) Mar. 1891 

GiAC»>m\itii, Vinrilio. c o Messrs. Xicolo Oilero fu Alessandes, Sestri 

Pononti. ItAly (N A) Nov. 1899 

Gt\\v, Charles 17, lA>vaine Cn?scent, Newcastle-u[x>n-Tyne ... (E) Feb. 1898 
Gri!^th. Kilvrin. Wall:at^nd Slipway and Engineering Co., Wallsend- 

on-T>no (E) Nov. 1897 

Orimoik Thomas lVnj,^min, 39. Vespasian Avenue, South Shields... (E) Mar. 1890 
Gnoses Kt :ix, 47. Qucen'si Terrace. Newcastle-ujx>n-Tyne ... (I $t S M) Feb. 1893 

*>»u".jit<>n. A., C]aTt<M\ Park L^xipo, Josmond, Newcasthvujx^n-Tyne (E) Dec. 1888 
Gur.n. S:t ,K^hn, Ohairaii»n, Mej^rs. Mount Stuart Dry Docks Co., 

OAivi.fr i^L-v .V/^V") June 1896 

H. 

HaV.. K.ixv-arvi, t^ GT:*nv?c K<\Ad West, Jan\>w-<v.i.Tyne (S) Nov. 1SS5 

H a. . , .1 , lVrv\\ . ^.^n ,. .c, I a wric Park Road. Sydenham, London, S.E, (E) OcU 1S85 
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Hall, John, 54, Westoe Parade, South Shields ... (E) May 1900 

Hall, Thomas, 29, Selbourne Road, Ilford, London, E. (E) Nov. 1899 

Hallowell, William, 75, Chillingham Road, Heaton, Newcastle- 
upon-Tyne ... (E) Feb. 1899 

Hamilton, Robert C, The College, Durham (E) i Graduate, Dec. 1892 

^ I Member, Oct. 1895 
Hammar, Hugo G., Lindholmens, Verkstads Alstieholag, Goteberg, 

Sweden (S) Nov. 1890 

Haramtishi, M., Jun., 156, Hommachi Kochi, Tosa, Japan ... (N A) Nov. 1897 
Harbottle, John, Wh.Sch., 63, Malvern Street, Newcastle-upon- 
Tyne (E) Oct. 1896 

Harbottle, Thomas, 5, Alexander Terrace, Newcastle-upon-Tyne (E) Jan. 1900 

Haidy, Henry Thomas, 10, The Retreat, Sunderland (S) Dec. 1899 

Harkness, Richard, Grange Road, West Hartlepool ... (S SUR) Nov. 1884 

Harlow, F., 8, Benton Terrace, Newcastle-upon-Tyne (E) Nov. 1884 

Harman, Bruce, Messrs. The Linde British Refrigerating Co., 35, 

Queen Victoria Street, London, E.C (E) Oct. 1886 

Harper, J. H., 1, Beaumont Street, North Shields (E) Jan. 1885 

Harris, Anthony, 73, Queen Victoria Street, London, E.C. ... (E) Mar. 1892 

Harrison, Alfred, Scotia Engine Works, Sunderland {Life Member) (E) Oct. 1889 
Harrold, Alexander, 26, Park Road, Newcastle-upon-Tyne ... (E) Nov. 1884 

flarrold, F., 140, Cardigan Terrace, Heaton, Newcastle-upon-Tyne (E) Nov. 1888 
Harroway, George Mitchell, 18, West Terrace, North Ormesley, 

Middlesbrough (S) Jan. 1896 

Hartley, W. A., c/o Messrs. Charles Cammell & Co., Cyclops 

Works, Sheffield (E) Jan. 1898 

Hartness, Charles, 2, Summerhill East, Sunderland (E) Dec. 1898 

Harvey, Herbert Buchanan, 38 Grainger Street West, j Graduate, Jan. 1896 

Newcastle-upon-Tyne ... (E) I Member, Oct. 1898 

Harvey, James Andrew, 3, St. Nicholas* Buildings, Newcastle- 
upon-Tyne (E) Feb. 1899 

Harvey, John W. J., 1, Richmond Villa, Chertsey Road, Redland, 

Bristol (E) Feb. 1889 

Haussman, B., 39a, Gracechurch Street, London, E.C (E) Feb. 1899 

Headlam, Robert, New Park Terrace, Hartbum Lane, Stockton-on- 
Tees (E) Nov. 1886 

Heaviside, Arthur West, 7, Grafton Road, Whitley Bay, 

Northumberland (E E) Oct. 1896 

Heck, John H., Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-upon-Tyne (S SUR) Nov. 1885 

Henderson, Alex., c/o Messrs. Empreza, Nacional, De.Nav. D' Vapor, 

Lisbon (E) April 1893 

Henderson, A. M., 3, Greatham Terrace, West Hartlepool ... (E) Nov. 1890 
Henderson, George, 54, Westmorland Road, Newcastle-upon- 
Tyne (E) Nov. 1884 

Henderson, John, 96 Plasturton Avenue, Canton, Cardiff (N A) June 1896 

Henry, William P., Cragside, St. Aidan's Road, South Shields ... (E) April 1897 

Henshall, Samuel, 7, Lennox Street, Middlesbrough (S) j ^/^duatc, May 1885 

"^ ( Member, Jan. 1894 

Hepburn, Alfred, Northumberland Forge, Wallsend-on-Tyne ... (F M) Dec. 1890 
Hepple, William, Messrs. Hepple & Co., Engineers, South 

Shields ... (E |c S) Oct. 1886 
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Hepple, William Thos., Messrs. Hepple & Ck>., Engineers, Wappiag 

Street, South Shields ... (£) Dec. 189a 

Hesketh, Thomas, 3ryn Tirion, Richmond Road, Cardiff (SUR) April 1896 

Hetherington, William, 27, Co-operative Terrace, Sunderland ... (S) Dec. 1899^ 
Higgins, C. F., c/o Messrs. T. Richardson & Sons, Ltd., Hartle- 
pool (EE) Feb. 189a 

Hildrey, A. J., 11, Newcastle Road, Sunderland (S) Nov. 1884 

HUl, Maxwell, 7, The Side, Newcastle-upon-Tyne ... (N A) Nov. 1884 

Hinchliffe, Robert, 25, Hawthorn Street, Newcastle-upon- J Graduate, Nov. 1893 

Tyne (SjlMember, Oct. 1898 

Hindson, William Forster, 11, St. Oswin's Avenue, Culler- ( Graduate, Nov. 1891 

coats (E) I Member, Nov. 1892 

Hirst, Richard, 25, Brougham Terrace, West Hartlepool ... (E SUR) Nov. 1885 
Hobbs, Arthur, c/o Messrs. Ferranti, Ltd., HoUingwood, J Graduate, Nov. 1897 

Oldham (E)( Member, Oct. 1898 

Hodge, Rowland P. W., c/o Messrs. The Northumberland Ship- 
building Co., Limited, Northumberland Shipyard, Howdon- 

on-Tyne (S) Dec. 189a 

Hodgson, Rich., Bowness, Gordon Street, Workington (S) Dec. 1896 

Hogarth, G. V., 32, Water Lane, Maryland Point, London, E.C. (S) May 1900 

Hogg, Archibald, Netherleigh, Beach Avenue, Whitley Bay, 

Northumberland (S) Jan. 1897 

Hogg, James, 8, Lovaine Terrace, North Shields (B F) Nov. 1889 

Hok, Wilhelm, Deptford Shipyard, Sunderland (S) Oct. 1886 

Holgate, Charles H., School Close Works, Leeds (E) Feb. 1896 

HoUis, Henry E., 40 Union Street, Glasgow (I Ic 8 M) Feb. 1886 

Holmes, John H., Portland Road, Newcastle-upon-Tyne (E E) Jan. 1888 

Homji, A. C. N., c/o Messrs. Lakhmidas Khimji S. & W. Co., 

Limited, Fergusson Road, Bombay, India (E) Nov. 1884 

Hooper, Ernest, 24, Whitehall Terrace, Hylton Road, Sunderland (E) Nov. 1886 

Hougland, Even, Lloyd's Surveyor, Bergen, Norway (E) Dec. 1896 

Houston, John, 7 Thornhill Crescent, Sunderland (E) Nov. 1894 

Hughes, Thos. Charles, 3, Summerhill Street, Newcastle- r Graduate, Nov. 1893 

upon-Tyne (E)t Member, Nov. 1897 

Hunter, George B., Messrs. C. S. Swan, Hunter & Co., Wallsend- 

on-Tyne (S) Nov. 1884 

Hunter, George Ernest, The Willows, Jesmond, Newcastle- /-Graduate, Feb. 1898 

upon-Tyne (8) \ Member, Nov. 1899 

Hunter, Joseph Gilbert, 29, Reijent Quay, Aberdeen ... (SUR) Feb. 1900 

Hunter, J. W., 10, I'rincess Street, Stockton Road, Sunderland ... (E) May 1885 
Hunter, Summers, c/o Messrs. N.E. Marine Engineering Co., 

Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1885 

Hutchinson, C. W., 6, Park Parade, Westmorland Road, New- 
castle-upon-Tyne (E) Nov. 1884 

Hutchinson, Wesley, B.A., 6, Park Parade. Westmorland Road, 

Newcastle-upon-Tyne (E) Oct. 1891 

Hutchison, J., Boaixl of Trade OlKces, Middlesbrough (SUR) Dec. 1891 

Hyslop, Alfred M., c/o Messrs. Boothroyd & Co., Akenside Street, 

IJootlc, Liverpool (E) Mar. 1900 

I. 

Injrlis, John, c/o Messrs. Hawthorn & Co., Leith (S) April 1887 
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Inglis, John, Pointhouse Shipyard, Partick, Glasgow ... ' (E It S) Oct. 188ft 
Irwin, J. H., Sundeiland Engine Works, South Docks, Sunderland (E) Nov. 1884 
Ives, Bernard, c/o Messrs. Lloyd's Register of Shipping, 8, White 

Lion Court, Cornhill, London, E.C (S) Feb. 1898^ 



Jack, Charles Kellie, c/o Messrs. Ropner & Sons, Shipbuilders, 

Stockton-on-Tees (S) Nov. 1897 

Jack, William C, c/o Messrs. The Hong Kong & Whampoa Dock 

Co., Limited, Hong Kong, China (E) Nov. 1894 

Jackson, Albert S., 3, Mount Stuart Square, Cardiff (E) Mar. 189fr 

Jackson, William S., Messrs. Gourlay Bros. & Co., Camperdown 

Shipyard, Dundee (S) April 1891 

James, M. C, 6, Park Terrace, Gateshead-on-Tyne (S) Nov. 1884 

Jennings, Frederick, c/o Messrs. Sturtevant Engineering Co., 

Limited, 76 Queen Victoria Street, London, E.C (E) Feb. 1898 

Jewitt, Charles Wm., West Park View, Stanhope Road, South 

Shields (E * S) Nov. 1897 

Jobling, W. J., 1, Akenside Hill, Newcastle-upon-Tyne ... (E It S O) Nov. 1884 

Jobson, Robert, Jun., Clifton Avenue, West Hartlepool (S) Feb. 1898 

Johnson, Alexander A., Bank Chambers, Sandhill, Newcastle-upon- 
Tyne (E) Feb. 1893 

Johnson, Johan, 7, Vestra Hamngaten, Gothenburg, Sweden ... (S) May 1885 

Johnson, T. Allan, Dry Docks, Passage West, Cork (S) Nov. 1884 

Johnstone, William, Lloyd's Register of Shipping, 56, John Street, 

Sunderland (SUR) Nov. 1884 

Jones, George, c/o Messrs. W. Gray & Co., Shipyard, West Hartle- 
pool (S) Oct. 1888 

Jubb, Arthur, 29, Coldwell Terrace, Felling-on-Tyne (E) Jan. 1900 

K. 

Kaneda, Wasaburo (SUR) Nov. 1897 

Keene, H. R., Lloyd's Register o^ Shipping, Ouest Quai, 28, f Graduate, May 1885 

Katendyk, Antwerp (E)( Member, April 1887 

Kendall, Stonard 0., Lloyd's Register of Shipping, 2, White Lion 

Court, Cornhill, London, E.C (SUR) Mar. 1891 

Kennedy, William, 14, Gladstone Street, Hartlepool (E) April 1900 

Kerfoot, James, 45, Rue de Grand Chila, Zurenberg, Antwerp ... (E) Oct. 1892 

King, John, 16, Lefroy Street, Newcastle-upon-Tyne (S) | ^^^aduate, Dec. 1890 
^' "^ f ^ V / I Member, Oct. 1892 

Kirby, John Storne, 19, Lily Avenue, Jesmond, Newcastle-upon- 
Tyne (E) Mar. 1899 

Kirkaldy, John, 21, Ground Floor, Leadenhall House, 101, 

Leadenhall Street, London, E.C (E) Nov. 1885 

Kitching, J. F., Clifton Avenue, West Hartlepool (E) Nov. 1890 

Kyle, Norman M. W., 26, Sandhill, Newcastle-upon-Tyne ... (E) Nov. 1898 

L. 

/ Graduate, Nov. 1895 
Lftce, Basil T., Lyncombe Rise, Bath (E) | Member, Nov. 1897 
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Laing, Andrew, c/o Messrs. Wallsend Slipway and Engineering 

Ck)., Wallsend-on-Tyne (E) Oct. 1892 

Laing, Arthur, Deptford Shipyard, Sunderland (S) Nov. 1884 

Laing, Hugh, Deptford Shipyard, Sunderland (N A) April 1897 

Laing, John, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-upon-Tyne (E) Nov. 1884 

Landreth, Cowen, 34, Simonside Terrace, Newcastle-upon-Tyne... (E) Mar. 1896 
Lang, William Veysey, c/o Messrs. Smith's Dry Dock Co., North 

Shields (E) Nov. 1897 

Lange, B., 18, Walbrook, London, B.C (E) Mar. 1900 

Larkin, James, Tyne View, East Jarrow-on-Tyne (E) Nov. 1884 

Leathard, Thomas Surtees, 9, Otto Terrace, Sunderland (SUR) April 1899 

Lewins, Frank, 23, Meldon Terrace, Heaton, Newcastle-upon-Tyne (E) Dec. 1896 

Lewis, U. A., Newbum Steel Works, Newbum-on- Tyne (E) Nov. 1884 

Liddell, J., c/o Messrs. Denny & Co.. Engine Works, Dumbarton (E) Nov. 1884 

Lie, Gotfred, Det Bergenske Dampskibsselskab, Bergen (E) Jan. 1896 

Lindfors, Hugo, Surveyor to Lloyd's Register of Shipping, 16, 

Alexandersgatan, Helsingfors, Finland (SUR) May 1889 

Lineham, Wilfrid J., Jesmond, Leyland Road, Lee, London, S.E. (E) Oct. 1890 
Lishman, John J., Jun., 16, Lovaine Place, North f Graduate, Dec. 1892 

Shields (E) I Member, May 1900 

Littleboy, Chas. Wm., The Woodlands, Saltburn-by-the-Sea ... (S) Oct. 1887 
Littledale, John W. E., 10 Huntingdon Place, Tynemouth ... (E) May 1896 

Livingston, Thos. L., Dunedin House, Jarrow-on-Tyne (S) Nov. 1884 

Lohmeyer, H., 53, Crown Street, Newcastle-upon-Tyne (E) Nov. 1884 

Long, A. E., 124, Albert Road, Jarrow-on-Tyne (S) Nov. 1884 

Lowdon, David, Messrs. The Barry Graving Dock and Engineering 

Co., Limited, Barry Dock, near Cardiff (E) May 1894 

Lowdon, John, Messrs. The Barry Graving Dock and Engineering 

Co., Limited, Barry Dock, near Cardiff (E) Dec. 1891 

Lumley, William, 2, Claremont, Gateshead-on-Tyne... (E) j f Z^^"^*^' *^""® ^^^^ 
'' ^ ^ ^ \ Member, Oct. 1898 

M. 

MacColl, Hector, Bloomfieia, Belfast (E) Dec. 1890 

MacColl, Hugo, Wreath Quay Engineering Works, Sunderland ... (E) Nov. 1896 

Maccoy, John, Springfield, Gateshead-on-Tyne (E) Feb. 1886 

Macdonald, Charles, 4, St. Nicholas' Buildings, Newcastle-upon- 
Tyne (SUR) Feb. 1898 

Mac Donald, David R., c/o Messrs. Sir W. G. Armstrong, Whit- 
worth & Co., Ltd., Walker Shipyard, Newcastle-upon-Tyne (S) Nov. 1891 
Macdonald, John C, c/o Messrs. Northumberland Engine Works, 

Wallsend-on-Tyne (E) Nov. 1899 

Mace, W., 2r)3, Albert Road, Jarrow-on-Tyne (E) Jan. 1886 

MacHaffie,John,635,Terrace Place, Schenectady, New York, U.S.A. (E) Dec. 1885 
Macgregor, W. L.*, Board of Trade Surveyors' Offices, Blyth ...(SUR) Mar. 1899 
Mackay, William, 15, Camperdown Roatl, Scotstoun, Renfrew- 
shire (S) Mar. 1892 

Mail, M., Jun., 8, Ashbrook Terrace, Sunderland (E) Nov. 1897 

Mair, James, Wh.Sc, 1, Bedford Terrace, North Shields (E) Oct. 1894 

Manaira, Guiseppe, 4, Salita S Gerslamo, Genoa, Italy ... (E It N A) Nov. 1893 
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Marr, James, c/o Messrs. J. L. Thompson & Sons, North Sands 

Shipyard, Sunderland (S) Nov. 1884 

Marsden, John H. Wade, 9, Lovaine Crescent, Newcastle-upon- 
Tyne ^ (E) Nov. 1899 

Marshall, F. C, Akenside Lodge, Newcastle-upon-Tyne (E) Nov. 1884 

Marshall, Frank T., Messrs. R. & W. Hawthorn, Leslie & Co., jGraduate, Jan. 1885 
St. Peter's, Newcastle-upon-Tyne (E) (Member, Oct. 1888 

Marshall, R. J., 51, Larkspur Terrace, Jesmond, Newcastle-upon- 
Tyne (E) Mar. 1887 

Maslen, Frank E., The Priory, Hampstead Heath, London, j Graduate, Nov. 1891 
N.W (E) I Member, May 1898 

Mason, George F., Lloyds' Bank Buildings, Mount Stuart fiiquare, 

Cardiff (E) Oct. 1895 

Mather, Charles, 2, St. George's Terrace, Newcastle-upon-Tyne... (SUR) Oct. 1888 

Mather, Clifford Basil, Lesbury House, Lesbury,R.S.O. (N A) 1 ^^^^^*^' ^^^ HH 

I Member, Oct. 1898 

Mather, Thomas Brewer, 13, Park Avenue, Whitley Bay, North- 
umberland (C E) Nov. 1898 

Matheson, William, c/o Messrs. R. & W. Hawthorn, Leslie & Co., 

Hebburn-on-Tyne (S) Dec. 1889 

Mathieson, Donald, 30, Jackson Street, Sunderland (E) Nov. 1898 

Matthews, A., c/o Messrs. Blyth Shipbuilding Co., Blyth (S) Nov. 1884 

Matthews, Jas., c/o Messrs. R. & W. Hawthorn, Leslie & Co., Forth 

Banks, Newcastle-upon-Tyne (E) Oct. 1886 

Maxwell, Thomas, 15, Ashfield Terrace, East, Newcastle-upon- 
Tyne (E) Nov. 1899 

Maxwell, William Ward, B.Sc, Messrs. H. Charlton k Co., 

Engineers, Gateshead-on-Tyne (E) Dec. 1896 

McBride, William, Beaconsfield Square, Hartlepool (E) Dec. 1894 

McGillivray, Peter, 14, Normanton Terrace, Newcastle-upon-Tyne (E) Nov. 1899 

McGlashan, Arch., Beechcroft, Clifton Avenue, West Hartlepool (S) Nov. 1885 

McGregor, Duncan, 5, Bishopton Street, Sunderland (S) Dec. 1899 

Mcllvenna, J. G., c/o Messrs. The Tyne Pontoons and Dry Docks 

Co., Wallsend-on-Tyne (S) Nov. 1884 

McKechnie, James, Messrs. Vickers, Sons & Maxim, Naval Con- 
struction Works, Barrow-in-Furness (E) April 1896 

McKenna, Francis, c/o Messrs. E. F. Wailes & Co., 4, St. ("Graduate, Dec. 1890 

Nicholas' Buildings, Newcastle-upon-Tyne ... (E)\Member, Dec. 1896 

McLaren, Robert M., 10, Grove Street, Newcastle-upon-Tyne ... (S) Nov. 1893 

McLaren, William, 16, Rock Park, Rock Ferry, Cheshire (E) Oct. 1894 

McLean, John H. K., Abey House, Plotina Terrace, South Shields (8) Mar. 1897 
McNeil, Thomas Young, Ship Drawing Office, Messrs. The Clyde- 
bank Engineering and Shipbuilding Co., Glasgow (S) Oct. 1895 

Meagher, H. L., 4, Linden Terrace, Newcastle-upon-Tyne (E) Dec. 1896 

Mechan, Henry, Scotstoun Ironworks, Scotstoun, Glasgow ... (E) May 1898 

Meldrum, Michael, Humbledon View, Sunderland (E) Dec. 1893 

Mellanby, Alex. Lawson, B.Sc, Fernleigh, Grange Road, West (Graduate, Dec. 1894 

Hartlepool (E)lMember, Oct. 1896 

Messenger, Thomas, '' Greeba,'' Mathian Road, East Molesey, 

Surrey (E) Mar. 1887 

Metcalf, Thos., 18, John Street, Sunderland (S) \ Graduate, May 1885 

' ( Member. Nov. 1893 
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Metcalfe, C. S.. 24, Croft Avenue, Sunderland (E) Nov. 1884 

Meuwissen, J., 18, Bsplanade, Whitley Bay, Northumberland ... (E) Nov. 189^ 
Micheli, Pietro, Jan., Via Sottoripu, No. 1, piano nobile, Genoa, 

Italy (E * N A) Oct. 1888 

Middlemass, Thomas, 3, Albert Place, Norton Road, Stockton-on- 
Tees... (S) Oct. 188^ 

Middleton, H., 20, Lynnwood Avenue, Newcastle-upon-Tyne (I It S M) Jan. 1893 
Middleton, Robert Alexander, c/o Messrs. Vickers, Sons & Maxim, 

Ltd., Naval Construction Works, Barrow-in-Furness ... (N A) Oct. 1892 

Millar, Thos., c/o Messrs. Sir W. G. Armstrong, Whitworth k Co., 

Ltd., Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

Mills, John, 70, Ledard Street, Langside, Glasgow (E) Feb. 1888 

Milton, J. T., Lloyd's Register of Shipping, 2, White Lion Court, 

Cornhill, London, E.C (E SUR) Nov. 1886 

MofiEatt, James, 7, Murray's Terrace, Belfast, Ireland (E) \ Graduate, Dec. 1889 

^ M Member, Oct. 1892 
Moffatt, William Graham, 44, Lennox Avenue, Scotstoun, Glasgow (E) Mar. 1899 
iloffitt, George, c/o Messrs. The Blyth Shipbuilding Co., Blyth ... (S) Oct. 1888 
Moffoot, Alexander, 32, Eldon Street, Chester Road, Sunderland.. (S) Mar. 1898 
MoncriefE, John M., 2, St. Nicholas' Buildings, Newcastle-upon- 
Tyne (C E) Dec. 189^ 

Moody, Thomas V., c/o Messrs. Scott Bros., 46, Sandhill, New- 
castle-upon-Tyne (E) Dec. 1887 

Moore, Frederick, c/o Messrs. Wilson, Sons k Co., Ltd., Bahia ... (E) Oct. 1890 
Moore, Wm. Henry, c/o Messrs. Workman, Clark, & Co., Engine 

Works, Spencer Basin, Belfast (E) Nov. 1897 

Morgan, W. H., 22, Rochdale Street, Wallsend-on-Tyne (E) Nov. 1884 

Morison. D. B., Hartlepool Engine Works, Hartlepool (E) Feb. 1886 

Mork, Peter, 31, Holsteinsgude, Copenhagen (E) Nov. 1884 

Moroney, E. F., 11, Shields Road, East, Newcastle-upon-f Graduate, Feb. 1892 

Tyne (E) I Member, Nov. 1899 

Morrison, Robt., Highfield, St. Aidan's Road, South Shields ... (E) Nov. 1886 
Morrison, William, Lloyd's Register of Shipping, Maritime 

Buildings, Dundee (E SUR) Oct. 1890 

Morton, David (S) Feb. 1898 

Morton, Richard Eraser, Lloyd's Register of Shipping, Buck- 
ingham Chambers, St. James Street, Sheffield ... (E SUR) Oct. 1890 
Mould, Francis H., 36, Salter's Road, Gosforth, Newcastle- J Graduate, Feb. 1892 

upon-Tyne (E)lMember, Jan. 1897 

Mountain, William Chas., Messrs. Ernest Scott, Mountain, «k Co., 

Close, Newcastle-upon-Tyne (E E) Feb. 1889 

Muir, Alfred Edward, Messrs. J. L. Thompson & Sons, North Sands 

Shipyard, Sunderland (S) Mar. 1893 

Muir, Chas. M., 32, William Street, Newcastle Road, Sunderland... (S) May 1899 
Muir, Robert, 11, Clarence Crescent, Whitley Bay, Northum- 
berland (SUR) Oct. 1886 

Muir, Robert Home, 1, Lovaine Crescent, Newcastle-upon-Tyne ... (S) Oct. 1892 
Muiick, Ove. Holger, co Messrs. Burmeister & Wain, Shipbuilders, 

Copenhagen, Denmark (S) Feb. 1899 

Musirrave, Evers, 8, Lastingham Terrace, Frilford, York (E) / ^^^aduatc, Nov. 1891 

\ Member, Oct. 1895 
Myles, David, Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 
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l^astoupil, John, Chief Engineer, AustTO-Hnngarian Nayj, Marine 

Casino, Pola, Austria (E) Nov. 1890 

IJeill, William Reid, 16, Salem Hill South, Sunderland (E) Dec. 1897 

l^evins, William, 1, HaU Boyd, Shipley, Yorkshire (E) Mar. 1894 

l^evisoD, Thomas C, c/o Messrs. Crosby, Magee, & Co., West 

Hartlepool (E) April 1900 

JNichol, Bryce G., Eldon Street, (losforth, Newcastle- j Graduate, Oct. 1891 

upon-Tyne (E)\ Member, May 1898 

JNicholls, H. B., 25, Churchill Street, Sunderland (E) Nov. 1893 

INichols, Walter W., 30, De^ma^k Street, Gateshead-on-Tyne ... (E) May 1896 
^Nicholson, John S., North View, Mowbray Boad, Westoe, South 

Shields (E) Nov. 1893 

Nicholson, Joseph Cook, Collingwood Street, Newcastle-upon-Tyne (E) Feb 1897 
Nicholson, Thos. Head, 90, Bye Hill, Newcastle-upon-Tyne ... (E) Nov. 1897 

i^icol, John M., 15, LinsklU Terrace, North Shields (E) Nov. 1884 

:Nicolson, G. C, H.M.S. " Bambler," North America and j Graduate, Oct. 1886 

West India Stations (E)lMember, Oct. 1888 

:^^iven, William A., 6, Jackson Street, Walker-on-Tyne (E) Nov. 1898 

:Noble, George, 8, Latimer Street, Tynemouth (E) May 1893 

^N'oble, Harry, Northern Machine Tool Works, Brewery Lane, 

FelUng-on-Tyne (E) Nov. 1888 

l^odder, Joseph, Ash Lea, Crabtree, Sheffield (F M) May 1893 

:Norman, W. S., Orchard House, Whitby, near Chester (E) Nov. 1884 

N'orton, Harold P., Engineer Corps U.S. Navy, Washington, 

U.S.A (E) Oct. 1890 

^^'oton, F. B., Lloyd's Begister of Shipping, 342, Argyle Street, 

Glasgow (S) Nov. 1884 

N tines, Enrique E., 1898 Calle Virreyes, Belgrano, Buenos Ayres (E) April 1891 

0. 

O'Halloran, Timothy, c/o Messrs. Booth & O'Halloran, 13, Bue du 

Bresil, Antwerp, Belgium (E) Jan. 1895 

O'NeU, J. J., 2, Erith Terrace, Sunderland (E) Nov. 1884 

Ord, Godfrey C, The Esplanade, Sunderland (E E) Jan. 1897 

Orde, E. L., c/o Messrs. Sir W. G. Armstrong, Whitworth & Co., 

Ltd., Walker Shipyard, Newcastle-upon-Tyne (E) Oct. 1887 

Orlando, Chev. Giuseppe, Cantiere Navale, Fratelli Orlando, 

Leghorn (N A) Jan. 1893 

Ormonde, John Grey, 36, Percy Gardens, Tynemouth (E) Nov. 1897 

Orr, John, B.Sc., Lecturer in Engineering, South African School 

of Mines, Kimberley, S.A (E) Mar. 1897 

Opt, Beginald, Kent Villa, Boxborough Park, Harrow-on- ( Graduate, Mar. 1890 

the-Hill, Middlesex ... (E) ) Member, Oct. 1892 

Ortton, Alfred B., 27, General Graham Street, Chester Boad, 

Sunderland (E) Nov. 1898 

Owens, J, Switzer, B.A., Carleys Bridge House, Enniscorthy, 

Ireland (E) Oct. 1898 

Oxley, G., 51, Norman Terrace, Howdon-on-Tyne (S) Nov. 1884 

Oxton, Walter, 96, Blackpool Street, Burton-on-Trent (E) f Graduate, Dec. 1890 
^ ^ ^ I Member, May 1894 
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Parker, James H., Gladstone street, Hartlepool (E) April 1900 

Parr, Joseph B., 21, Zion Terrace, Newcastle Road, Sunder. ^ Graduate Nov. 1898 

land (S) J Member, Dec. 1899 

Parsons, Hon. Charies A., Turbinia Works, Wall send -on-Tyne ... (E E) Dec. 1887 
Parsons, Harry F., c/o P. Brotherhood, Esq., Belvedere Road, 

Westminster Bridge, London, S.E (E) Dec. 1890 

Pascoe, J. R., Tyrmont, Woodford Green, Essex {Life Member) ... (S) Dec. 188» 
Patterson, Jas., c/o Messrs. Caldwell & Co., Limited, Elliot Street, 

Glasgow (E) Nov. 1884 

Pattison, Jos., Bute Docks, Cardiff (E) Nov. 1884 

Paulin, William J., 148, Portland Road, Newcastle-upon-Tyne ... (E) April 1897 
Paulson, John, c/o Messrs. William Cramp & Sons, Shipbuilders, 

Philadelphia, Pa., U.S.A (S) Feb. 1886 

Paxton, John F., 62, Walker Terrace North, Gateshead (E) May, 1899 

Payne, Henry Fernie, 15, Willowbank Road, Devonshire Park, 

Birkenhead (E) Dec. 1896 

Pearson, James T., 10, Beech Grove Road, Newcastle -upon- / Graduate, Nov. 1893 

Tyne I Member, Dec 1897 

Penney, R. H., Board of Trade Offices, 79, Mark Lane, London, 

E.C (S SUR) Nov. 1884 

Pepper, W., 9, West Villas. Oxbridge Lane, Stockton-on-Tees ... (E) Nov. 1888 
Perrett, Jos. Richard, West View, Durham Road, Gateshead-on- 

Tyne (N A) Nov. 1897 

Pesco<l, Joseph Hind, 1, Railway Street, Jarrow-on-Tyne (S)l^^^*^"**®' Z^^' ^^^^ 
* J » J \ '/Member, Jan. 1900 

Petersen, John L., Havelock House. Victoria Road, West Hartlepool (SUR) Oct. 1888 
Petree, James, Lloyd's Register of Shipping, 12, Oriel Chambers, 

Water Street, Liverpool (N A SUR) Oct. 1886 

Petterson, Carl Edwin, 7, Vestra Hamngaten, Gothenburg, Sweden (E) Oct. 1891 

Philipson, Roland, Tynemouth (E) Dec. 1884 

Phorson, P., Glen Lea, Roker, Sunderland (S) Nov. 1884 

Piaud, Leon, 8, Boulevard de la Republique, Chatou, Paris ... (N A) Nov. 1888 

Pierce, Robert Cecil, 114, Queen's Road. Bayswater, London^ \ Graduate Dec. 1898 

W (EE)j Member Dec. 1899 

Pirrie, Norman, c/o Messrs. Babcock, Wilcox, k Co., Limited, 147, 

Queen Victoria Street, London, E.C (E) Nov. 1897 

Pitt, Frederick William, 652, Chester Road, Old Trafford, Man- 
chester, S.W (E SUR) Oct. 1890 

Poli, Rotlolfo, Chioggia, Italy (N A) Jan. 1890 

Pollard, T., 248, Willington Road, Eccles, Manchester (E) Dec. 1896 

Pollock, Walter, c/o Messrs. Jas. Pollock, Sons, & Co., 22, Billiter 

Street, London, E.C (N A) April 1900 

Potts, Cuthbert Ivan, 4, Sidney Road, Bootle, Liverpool (E) Oct. 1896 

Potts, Robert L., Hill House, Deptford, Sunderland (S) Oct. 1888 

Powell, James Uicbartl, Royal Stuart Buildin^^, Cardiff (C E) May 1894 

Price, John, (>, ()8l)ornc Villas, Jesmond, Newcastle-upon-Tyne ... (S) Nov. 1884 

Prini'le, Alfred, 10, Somei-set Terrace. Walker-on-Tync (S) I Gra*^"*^^^' ^«^- ^^^^ 
^ ^ V / j j^iember, Jan. 1894 

rrinLrle,J;imes G.. 10. Somci-set Terrace, Walker-on-Tyne (S) Oct. 1892 

PiinloM, Andrew S., Messrs. Irvine's Shiphuildini? and Dry Docks 

Co., Limiteii, West Hartlepool (S) Oct. 1892 
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Purvis, Andrew A.lez., 3, Victoria Avenue, Whitley Bay, 

Northumberland (E) Dec. 1899 

Purvis, Fred. W., c/o Messrs. Sir W. Gray & Co., Central Shipyard, 

West Hartle|X)ol (S) April! 893 

Putnam, T., Darlington .Forge, Darlington ' ... (F M) Nov. 1884 

Q. 

Quicke, Herbert John, c/o Messrs. Harfield & Co., Blaydon Iron- 
works, Blaydon-on-Tyne (E) Feb. 1891 

R. 

Ramage, J. T., St. Aubyn's, Bonnington, Edinburgh (E) April 1887 

Ramage, John Anderson, 74, Glen Terrace, Hebburn-on-Tyne ... (S) Oct. 1892 

Readhead, Jas., Westoe Hall, South Shields (S) Nov. 1884 

Readhead, John, 4, Salisbury Place, South Shields.. (E) Mar. 1886 

Readhead, R., South Garth, Westoe Village, South Shields ... (E) Nov. 1884 

Readhead, W, B.,. Beach View, South Shields (S) Nov. 1886 

Reavell, W., Ranleigh Works, Ipswich (E) | Graduate, Aprill885 

f Member, Oct. 1887 
Reed, James, Messrs. Palmer's Shipbuilding and Iron Co., Ltd., 

Jarrow-on-Tyne (S) Dec. 1897 

Reed, Joseph, Angerton House, North Shields (E) Oct. 1889 

Reed, J. W., c/o Messrs. Palmer's Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-on-Tyne ... (E) Nov. 1884 
Reed, Richard, c/o Messrs. Sir Raylton Dixon & Co., Cleveland 

Dockyard, Middlesbrough (S) Oct. 1894 

Reid, John Robert, 88, Leslie Terrace, Aberdeen (E) Nov. 1898 

Reid, William, c/o Messrs. Wm. Reid & Co., 1 12, Fenchurch Street, 

London, B.C (E) Dec. 1899 

Rennoldson, C, Messrs. J. P. Rennoldson <fe Sons, South Shields (S) Jan. 1886 
Rennoldson, Jos. M., Messrs. J . P. Rennoldson & Sons, South Shields (S) Feb. 1886 
Renton, John, 1, Akenside Hill, Newcastle-upon-Tyne ... (M SUR) April 1896 
Reynolds, Charles H., c/o Messrs. Burmeister & Wain, Shipbuilders, 

f-openhagen, Denmark (S) Mar. 1889 

Reynolds, W. G., 26, Sandhill, Newcastle-upon-Tyne (E) Oct. 1886 

Richardson, Sir Thomas, B.A., M.P., Hartlepool Engine Works, 

Hartlepool , (E) April 1888 

Richardson, Wigham, Neptune Works, Walker-on-Tyne (S) Nov. 1884 

Rickaby, A. A., Bloomfield Engine Works, Sunderland (E) Mar. 1888 

Ridley, J. H., Messrs. R. & W. Hawthorn, Leslie & Co., St. Peter's, 

Newcastle-upon-Tyne (E) Nov. 1884 

Riley, J. H., Messrs. Riley Bros., Stockton-on-Tees (B B) May 1893 

^itson, M., Lloyd's Register of Shipping, c/o F. Schiaffino, 

Esq., Piazza S Giorgis, 32, Scalaprinia. Genoa ... (E SUR) Nov. 1884 

Ritson, S. M., 7, Dogo Street, Cardiff ... ... (E) \ ^^^uate, Nov. 1887 

^ n Member, Nov. 1893 

Robinson, Charles O., Ingleside, North Shields ... (E) \ Graduate, Dec. 1893 

I Member, Nov. 1899 
Robinson, William, Delaval House, 3, Broxbourne Terrace, j Graduate, May 1885 

Sunderland ... (E) (Member, April 1888 

Robson, David M., 10, W;est Park Terrace, South Shields (E) Nov. 1899 
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Bobaon, George, 9, Wellington Terrace, South Shields (E) Oct. 1889 

Bobson, George, 140, Aorelian Terrace, Sooth Shields (E) Feb. 1896 

Bobson, John H., 16, Sunbury Ayenoe, Newcastle-upon-Tyne ... (E) Not. 1886 

Bobson, J. M., 4, Abbey Terrace, Gateshead-on-Tyne (E) Not. 1884 

Bobson, M., 20, Tavistock Place, Sunderland (S) Not. 1884 

Bobson, Nathaniel B., 15, Laburnum Avenue, Wallsend-on- ( Graduate, Dec 1894 

Tyne (E) I Member, Nov. 1897 

Boger,Bobert, Stockton Iron Foundry, West Bow, Stockton-on-Tees (E) Nov. 1888 
Bogers, Herbert M., Bedcliffe, Durham Avenue, Bromley, Kent (SUR) April 1889 
Bolf, George, 8, Bentinck Crescent, Newcastle-upon-Tyne ... (E E) May 1892 

Bolland, Alexander, Villa Buzic, Susak, Fiume, Hungary (E) Mar. 1892 

Bopner, Bobert, Jun., Stockton-on-Tees (S) Feb. 1886 

Bosenthal, James H., Woodville, 97, Eltham Boad, Lee, Kent ... (E) Dec 1896 
Boseti, Capt. S. G., 353, Santiago del Estavo, Buenos Ayres, 

Argentine Bepublic (N A) June 1896 

Boss, Charles, c/o Messrs. Smith's Dock Co., Ltd., High Docks, 

South Shields (E) Jan. 1898 

Boss, William, 20, Meadow Side, Dundee (E) May 1893 

Bosser, W. D., Bute Dry Dock, Boaih Basin, CardiflE (S) Nov. 1893 

Bowan, Jas., 231, Elliott Street, Glasgow (E) Nov. 1886 

Bowell, G. W., 22, Armstrong Boad, New Benwell, Newcastle- 
upon-Tyne (E) Feb. 1885 

Bowell, H. B., Cleugh Brae, Jesmond East Park, Newcastle-upon- 
Tyne i^LiJe Me^nher) (S) Nov. 1884 

Busden, L., 14, Sanderson Boad, Jesmond, Newcastle-upon-Tyne (E) Nov. 1884 

Bussell, F. Herbert, Scotia Engine Works, Sunderland (E) Oct. 1891 

Butherford, G., Messrs. Mercantile Pontoon Co., Boath Dock, Cardiff (S) Oct. 1886 
Butherford, J. T., 39, Osborne Boad, Stroud Green Boad, t Graduate, Jan. 1886 

London, N (E) ( Member, Nov. 1898 

Butherford, Bobert T., 34, Denmark Street, Gateshead-on-Tyne ••• (E) Nov. 1899 
Byder, C. L., London Salvage Association, Mount Stuart Square, 

Cardiff (E) Oct. 1886 



Salmon, P., 5, The Oaks West, Sunderland (E SUR) Nov. 1884 

Sambidge, James, c/o Messrs. J. H. Holmes & Co., Portland Boad, 

Newcastle-upon-Tyne (E E) Not. 1891 

Sandeman, John Watt, 2, St. Nicholas' Buildings, Newcastle-upon- 
Tyne (E) Oct. 1891 

Sanderson, Henry Thomas Barron, Messrs. Sanderson & Co., High 

Quay, Blyth (E) Oct. 1891 

Sanderson. J., 31, Park Road, Jarn>w-on-Tyne (S) Nov. 1884 

Sandison, M., 3, Devonshire Terrace, Newcastle-upon-Tyne ... (E) Dec. 1884 
Sawyer, John, c/o Messrs. Thos. Wilson, Sons, & Co., Hull ... (E) Oct. 1886 

Schaeffer, A. G., 16, Lombard Street, Newcastle-upon-Tyne ... (E) Nov. 1884 
Scott, Ernest, Close Engine Works, Newcastle-upon-Tyne ... (E E) Nov. 1884 

Scott, James, c/o Messrs. Consett Iron Co., Blackhill, Co. Durham (E) Oct. 1892 

Scott, Joseph, 49, Leazes Terrace, Newcastle-upon-Tyne (£) /Graduate, Dec. 1891 
^ J J ^ ^\ Member, Oct. 1898 

Scott, Joseph R., 9. Queen Street, Newcastle-upon-Tyne (E) Oct. 1887 

Scott, Walter, 30, Bellevue Terrace, Ayr (N A) Mar. 1897 
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Scott, William, c/o Messrs. R. & W. Hawthorn, Leslie & Co., St. 

Peter's, Newcastle-upon-Tyne (E) Nov. 1884 

Scott, William, Lyndhurst, 19, Plasturton Avenue, Cardiff ... (E) June 1896 

Scurfield, George G., 98, Aglionby Street, Carlisle (E) Mar. 1897 

Seabury, Edward, Burnt Mill House, Harlow, Essex (E) Mar. 1886 

Seaman, C. J., 134, High Street, North Stockton-on-Tees (E) Jan. 1889 

Seaton, Albert Edward, Messrs. Earle's Shipbuilding Co., Hull ... (E) Jan. 1891 

See, Horace, 1, Broadway, New York City, U.8.A (E) May 1896 

Sergent, William John, 63, Sandringham Road, Waterloo, near 

Liverpool (E) Oct. 1898 

Shand, H., 64, Queens Road, Newcastle-upon-Tyne (E) Nov. 1884 

Sharp, A. E., c/o Messrs. The Peninsular and Oriental Steam 

Navigation Co., 122, Leadenhall Street. London (E) Nov. 1884 

Sharp, Mark, 144, Albert Road, Jarrow-on-Tyne (E) Dec. 1889 

Shaw, Jas., 26, Sandhill, Newcastle-upon-Tyne (M SUR) Jan. 1885 

Sheriff, Thomas, c/o Messrs. Robert Mackill & Co., 53, Bothwell 

Street, Glasgow (E) April 1890 

Short, John Gill, 57, John Street, Sunderland (NA) Feb. 1899 

Short, Jos., 13, John Street, Sunderland (S) Nov. 1884 

Short, Thomas S., c/o Messrs. Short Brothers, Pallion, Sunder- (Graduate, Oct. 1892 

land (8)tMember, May 1899 

Shotton, John W., 32, Mount Stuart Square, Cardiff (SUR) Nov. 1886 

Shute, A. E.. 12, Clyde View, Partick, Glasgow (E) Dec. 1892 

Sibson, T (E) Dec. 1898 

Sibun, William, Lloyd's Register of Shipping, Bute Docks, 

Cardiff (SUR) Mar. 1896 

Simpson, Kenneth, c/o Messrs. John Brown & Co., Clydebank i Graduate, Dec. 1893 

Shipbuilding Yard, Glasgow ... (S) J Member, Oct. 1895 

Sinclair, R., c/o Messrs. J. Wildridge & Sinclair, Consulting 

Engineers, 97, Pitt Street, Sydney, N.S.W., Australia ... (C E) Nov. 1884 

Sinton, John K., 26, Sandhill, Newcastle-upon-Tyne (E) Nov. 1885 

Sisson, Wm., Gloucester (E It N A) Oct, 1888 

Sitwell, John K., 24, Archbold Terrace, Newcastle-upon-j Graduate, Nov. 1896 

Tyne (E)lMember, Oct. 1898 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlepool (S) Nov. 1886 

, ,. ^ 1. .1. c i.1- ou. ij , -J. (Graduate, Dec. 1886 

Skinner, Leslie, Ravensboume Terrace, South Shields C^)"}!! u q t 1891 

«mith, C. B., Cowesby, Clifton Avenue, West Hartlepool ... (E) Nov. 1888 

^mith, Eustace, Guildhall, Newcastle-upon-Tyne (S) Nov. 1884 

^mith, L. Eustace, 87, Jesmond Road, Newcastle-upon- f Graduate, Oct. 1889 

Tyne (E) ) Member, Oct. 1892 

^mith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 1888 
^Smith, Thomas Edward, Messrs. John Smith & Sons, Newgate 

Street, Newcastle-upon-Tyne (E) April 1885 

^mith, Wm., 162, Roker Avenue, Sunderland, M (E) Nov. 1884 

^mith, Wm. Stawart, West Villa, The Green, Wallsend-on- | Graduate, Nov. 1893 

Tyne (S) I Member. Dec. 1897 

Sneddon, Alex. Russell, Lloyd's Register of Shipping, 4, St. 

Nicholas' Buildings, Newcastle-upon-Tyne (E SUR) Nov. 1899 

^nook, Francis W. G., 10, Hawthorn Street, Newcastle-upon-Tyne (E) Dec. 1896 
^oliani, Nabor, Col., Direttore del Cantiere Ansaldo, Sestri- 

Ponente, Italy (S) Jan. 1885 
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Spark, H. King, Messrs. The Anti-Attrition Metal Co., Ltd., 

Emerson Street, Southwark, London, S.E (E) May 1898 

Spear, John, c/o Messrs. T. Wilson & Sons, Hull (E) Oct. 1887 

Spearman, Richard , Each wick House, Dal ton, Newcastle-upon-Tyne ( E) Feb. 1 889 
Spence, W. G., c/o Messrs. Wigham Richardson & Co., Neptune 

Works, Walker-on-Tyne {Life Member) .^ (E) Nov. 1884 

Spencer, Donald, 332, Stanhope Road, Tyne Dock, South Shields... (S) Oct. 1898 

Spencer, J. W., Newburn Steel Works, Newbum-on-Tyne ... (E) Feb. 1886 

Squire, Charles E., Waterside, Howath, Co. Dublin (E E) /Graduate, Nov. 1893 

iMember, Oct. 1898 
Staig, William An,drew, Station Road, Wallsend-on-Tyne ... (E) Feb. 1897 
Stanley, John T., 70, Falmouth Road, Heaton, Newcastle-upon- 
Tyne (E) Oct. 1898 

Stansfield, George R., 1, Linden Gardens, Harton Village, South 

Shields (E) Mar. 1891 

Stephen, A. E., Linthouse, Govan, Glasgow (E %t S) June 1896 

Stephen, John Murray, Linthouse Engine Works, Govan, Glasgow (E) Oct. 1896 
Stephens, H. C. J., 94, Fortess Road, Kentish Town, (Graduate, Oct. 1890 

London, N.W (E) 1 Member, Nov. 1897 

Stephenson, Beraard, 212, Anlaby Road, Hull (E) Dec. 1896 

Stephenson, C, 2, Elm Terrace, The Green, Wallsend-on-Tyne ... (S) Nov. 1884 
Stevenson, Wm., Bank Chambers, Sandhill, Newcastle-upon-Tyne (E) Nov. 1884 
Stewart, James, 13, Otterbum Terrace, Jesmond, Newcastle-upon- 
Tyne (E) Oct. 1890 

Stirling, Andrew, Jun., 1, Green vale Terrace, Dumbarton (E) Feb. 1888 

Stirzaker. J. C, 16, Grosvenor Place, Newcastle-upon-Tyne ... (E) Nov. 1884 
Stoddart, A. Lane, York House, Heworth Village, Felling-on- 

Tyne, R.S.O (S) Nov. 1898 

Stoddart, J. E., Lloyd's Register of Shipping, White Lion Court, 

Cornhill, London, E.C (E SUR) Oct. 1888 

Stoddart, Swinton, 5, Ormonde Street, Sunderland ... (S) | ^ra^^^^te. May 1885 

^ ' I Member, Nov. 1892 
Summers, James, 114, Grange Road West, Middlesbrough ... (E) Mar. 1889 

Surtecs, Francis V., Westfield, Renfrew (S) Dec. 1892 

Surtees, R., Frame House, Low Teams, Gateshead -on-Tyne ... (E) Nov. 1884 

Swan, A. S., Guildhall Chambers, Newcastle-upon-Tyne (S) Nov. 1888 

Swan, Charles Sheriton, c/o Messrs. C. S. Swan & Hunter, r Graduate, Nov. 1890 

Wallsend-on-Tyne (S) | Member, Mar. 1894 

Swan, H. F., North Jesmond, Newcastle-upon-Tyne {Life Member) (S) Nov. 1884 
Swinburne, M. W., 117, Park Road, Newcastle-upon-Tyne ... (E) Nov. 1884 

Swinburne, T. M., Bewick Road, Gateshead-on-Tyne (E) Jan. 1885 

Swinney, W., 10, Went worth Terrace, Westoe Lane, South Shields (E) Dec. 1888 
Syme, James, Fairfield Works, Govan, Glasgow (E) Oct. 1892 



Tate, Chas. H., 7, Side, Newcastle-upon-Tyne (N A) Nov. 1884 

Taylor, Alexander, Maritime Buildings, King Street, Newcastle- 
upon-Tyne (E) Nov. 1884 

Taylor, John, 1, St. Alban's Place, Tyncmouth (E) Dec. 1894 

Taylor, J. W. H. Maxwell (E) Feb. 1898 
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Teasdale, John, c/o Messrs. Yickers, Son & Maxim^ Naval Con- 
struction Works, Barrow-in-Furness (E) Mar. 1898 

Thearle, Samuel James P., West View, St. Augustine's Avenue, 

South Croydon, Surrey (SUR) Feb. 1899 

Thomas^ Benjamin, 26, Seventh Avenue, Heaton, Newcastle-upon- 
Tyne (E) Feb. 1899 

Thomas, William, Holme House Foundry, Wigan ... (F) i Graduate, Oct. 1895 

•^ ^ ^ ^ i Member, Nov. 1899 

Thompson, Arthur E., 19, The Crescent, Gateshead-on-Tyne ... (E) May 1898 

Thompson, C. E., Ashville, Newcastle Road, Sunderland (S) Nov. 1884 

Thompson, Jas., 2, Carlton Terrace, Sunderland (E) Dec. 1886 

Thompson, John Augustus, 9, Billiter Square, London, B.C. (E It N A) Oct. 1892 

Thompson, J. L., WesthoUne Hall, Winston-on-Tees (S) Nov. 1884 

Thompson, Robert, North Sands Shipyard, Sunderland (S) Nov. 188 

Thomson, James, M.A., c/o Messrs. Sir W. G. Armstrong, Whit- 
worth k, Co., Ltd., Ordnance Works, Elswick, Newcastle- 
upon-Tyne (EliNA) Nov. 1890 

Thorn. W. H., 5, Waterville Terrace, North Shields (E) Nov. 1884 

Thornton, James M., c/o Messrs. R. Gordon k Co., Post Office Build- 
ings, Hudson Street, South Shields (E) April 1893 

Thornton, Thomas Lee, 45, Northcote Street, Newcastle-upon-Tyne (E) Feb. 1898 

Thyne, John Sinclair, 17, Boughton Street, Sunderland (S) Dec. 1899 

Tinn, Fred. D., North View, Mowbray Road, South Shields ... (S) Nov. 1891 

Tinn, G^rge, 206, Cardigan Terrace, Gateshead-on-Tyne (E) Dec. 1897 

Tocher, J. W., c/o Messrs. Wallsend Slipway and Engineering Co., 

Wallsend-on-Tyne (S) Mar. 1898 

Todd, John P., 13, Chatsworth Street, Sunderland (E) Dec. 1897 

Todd, George William, 126 Bede Bum Road, Jarrow-on-Tyne t Graduate, Jan. 1898 

(S) i Member, Dec. 1899 

Toomer, C. R., Ravensworth, Westoe, South Shields (E) Jan. 1899 

Toovey, Alfred F., Ovington Cottage, Prudhoe, Northumberland (E) Dec. 1894 

Towers, Edward, Jun., 4, Latimer Street, Tynemouth (E) /Graduate, Nov. 1886 

^ , ^ (Member, Oct. 1888 

Toyne, G. A. Dryden, Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastle-upon-Tyne (SUR) April 1899 

Trail, John, 21, Grosvenor Place, Jesmond, Newcastle-upon- 
Tyne (M S) Oct. 1892 

Traill, Robert, 8, Newcastle Street, North Shields (E) Oct. 1896 

Trechmann, J. E., Norton Lodge, Stockton-on-Tees (E) Feb. 1898 

Trewent, F. J., 43, Billitef Buildings, Billiter Street, London, 

E.C (S) Dec. 1884 

Trowell, Wm. John, Board of Trade Surveyor's Offices, Custom 

House, Arcade, Liverpool (E) Oct. 1894 

TumbuU, John, 15, Woodbine Avenue, Wallsend-on-Tyne ... (E) Nov. 1898 
Turner, B. J., 71, Warwick Street, Heaton, Newcastle-upon-Tyne (E) Mar. 1887 
Turpie, David Whyte, c/o Messrs. W. Pickersgill & Sons, South- 
wick, Sunderland (S) Dec. 1895 

ttoxen, Holger, Bureau Veritas Register of Shipping, Custom 

House Court, Quayside, Newcastle-upon-Tyne (S) Nov. 1896 

Twaddell, James L., Green Bank, Jarrow-on-Tyne (S) Oct. 1891 

Tweedy, G. F., Kelso House, Newcastle-upon-Tyne (E) May 1899 

Tweedy, J., Neptune Works, Walker-on-Tyne (E) Nov. 1884 



\ 
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Tweedy, John, 22, Lawson Street, North Shields (E) April 1899 

Tyzack, George, Dean Street, South Shields (E) April 18S8 



U. 

Ulm, John, The Arsenal, Pola, Austria (E) Nov. 1886 

Urquhart, Douglas M., 16, Foreter Street, Sunderland (S) May 1899 



Vardey,George,188,Helm8leyRoad,Newca8tle-upon-Tyne(E)/?/*^"*^' ^** Jf^ 

(.Member, low 

Vianson, N. E., vid Corsica 20/5, Genoa, Italy (E) Dec. 1885 

Vick, H. W., Messrs. Furness, Withy & Co., Middleton Shipyard, 

West Hartlepool (S) Nov. 1888 



W 

Wadagaki, Yasuzo, Naval Dock, Yoka Suka, Japan (E) Jan. 1891 

Wait, Thomas Herbert, Gail's Buildings, Quayside, Newcastle- 
upon-Tyne ...(C E) Dec 1893 

Wake, Tom, 2, Cliff Terrace, Hartlepool (E) April 1892 

Wakeham, John F., 21. Tenth Avenue, Heaton, Newcastle- f Graduate, Mar. 1898 

upon-Tyne (S)t Member, Oct. 1895 

Walker, Archibald, 143, Leith Walk, Leith, N.B (E) April 1887 

Walker, Henry, 11, Oxford Terrace. Gateshead-on-Tyne (E E) Feb. 189S 

Walker, James, c/o Messrs. River Tyne Commissioners' Office, 

Bewick Street, Newcastle-upon-Tyne (C E) Nov. 1898 

Walker, John, c/o Messrs. R. Stephenson & Co., Limited, South 

Street, Newcastle-upon-Tyne (E It S) Nov. 1891 

Walker, Sept. H., Den wick Street, Tyn«mouth (E) Nov. 1899 

Wallau, J., 16, Woodhouse Terrace, Gateshead-on-Tyne (E) Nov. 1884 

Waller, Thomas Naunton, 10, Holly Avenue. Jesmond, Newcastle- 
upon-Tyne (E) May 1898 

Wallikor, John George, c/o Messrs. Hodges & Walliker, Barry 

Docks. South Wales (E) May 1896 

Wallifl, Robert, Wh.Sc, Point Pleasant House. Wallsend-on-Tyne (E) April 1891 
Walter, Max, Norddeutscher Lloyd. Central Bureau, Bremen ... (S) Feb. 1893 

Walton, J. G., 2k\, Fenchurch Street, London, E.C (E) Nov. 1884 

Walton, Samuel, 5, Tyne View Terrace South Shields (E) Dec. 1893 

Warbnnon. F. J.. .S, St. Nicholas' Buildings. Newcastle-upon-Tyne (C E) May 1900 

Warburton, J., 4, Reauclerc Terrace, Sunderland (S) Nov. 1884 

Warburton, John Arthur. 47, Harrogate Street, Sunderland J Graduate, Mar. 1894 

(E) I Member, Nov. 1896 
Ward, Herbert John, Mill Hey, EaMtham. Birkenhead, Cheshire (SUR) Nov. 1898 

Ward, Jolin. CO NUssrs. W. Denny & Bros.. Dumbarton (S) Dec. 1891 

Wanlalc, 11 <Mny, 5. Coll in^'wood Terrace, CJateshead-on-Tyne ... (E) Feb. 1888 
WardtMi, Thomas M., 21. Windermere Street. Gateshead-on-Tyne (E) Oct. 1894 
Wass, Archibiild 0., 148, C'ardi«^an Terrace, Hcaton, .N'ewcastle- 

upon-Tync (S) Nov. 1898 

Watson, Thomas Henry, 10, Neville Stre«'t, Vo\vca<tle-upon-Tyne(SUR) Jan. 1896 
Watts, Philip, Klswick Shipyard, Newcastle-upon-Tyne (S) Nov. 1886 
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Wawn, Tom Noel, c/o Measre. Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastle-upon-Tyne (SUR) Jan. 1900 

Weidemann, Nils, Det-Norske Veritas, Christiania, Norway ...(SUR) Jan. 1892 
Weighton, B. L., M.A., Darham College of Science, Barras Bridge, 

Newcastle-upon-Tyne (E) Nov. 1884 

Weir, George Dobie, Sunderland Engine Works, South Docks, 

Sunderland (E) Oct. 1894 

Weir, John, c/o Messrs. J. Scott k Co., Abden Works, King- 

hom, N.B (E) Nov. 1884 

Weir, William, 190, Nithsdale Road, Pollokshields, Glasgow ... (E) Nov. 1889 

Welton, J. G., 41, Sydenham Terrace, Sunderland (E) Nov. 1893 

West, Henry H., British and Foreign Chambers, 6, Castle Street, 

Liverpool ... (E * N A) Oct. 1886 

Westgarth, Tom, Messrs. Sir C. Furness, Westgarth, & Co., 

Middlesbrough (E) Oct. 1886 

Westmacott, Alfred, Foreland House, Bembridge, Isle of « Graduate, Dec. 1886 

Wight (E)( Member, Nov. 1892 

Westmacott, P. G. B., Rose Mount, Sunninghill, Berks (E) Nov. 1884 

Wheater, Chas. Busfield, 33, Roth well Road, Gosforth (E) Oct. 1894 

White, C, 13, Mosley Street, Newcastle-upon-Tyne (E) Nov. 1884 

White, Ernest T., c/o Messrs. Willans & Robinson, Victoria r Graduate, May 1889 

Works, Rugby (E) [ Member, Jan. 1894 

White, R. Saxon, Messrs. Sir W. G. Armstrong, Whitworth k Co., 

Ltd., Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

"Whitfield, Ernest, 11, Victoria Terrace, Low Fell, Gatesbead-on- 

Tyne (E) Dec. 1899 

"Whitfield, Thomas, Messrs. Tyne Dock Engineering Co., South 

Shields (E) April 1896 

"liVliittaker, Frederick W., Dockyard, Coburg Dock, Messrs. Mersey 

Docks and Harbour Board, Liverpool (E) Oct. 1892 

Vrhyte, Wm., 12, Lombard Street, Newcastle-upon-Tyne (E) Nov. 1884 

^iddas, T. D., 66, Plasturton Avenue, Cardiff (SUR) April 1886 

"VTight, Henry D., 94, Cleveland Road, Sunderland (E E) Dec. 1898 

^ r Graduate, Oct. 1896 

Wildridge, Richard, 48, Sandyford Street, Glasgow ... (E)i-_ , O t 1898 

Mrilkie, J., 24, Camden Street, South wick, Sunderland (E) Nov- 1884 

.^_ ( Graduate, Nov. 1892 

VVilkin, Ernest V., 47, Saint Mary Axe, London, E.C. (C E) j ^^^^^^^^ Qct. 1898 

^^ilkinson, Thomas, 9, Laburnum Avenue, Wallsend-on-Tyne ... (S) Nov. 1899 

^^Villcox, Henry Walker, 15, Norfolk Street, Sunderland (C E) Nov. 1897 

M^'illcox, Percy F. C, 16, Norfolk Street, Sunderland (C E) Nov. 1897 

^ViUcox, R. J. N., 16, Norfolk Street, Sunderland ... (E) / ^'^l^^^> JJ*^' Ifl 
' ' * ^ '^X Member, Dec. 1897 

^W'illiams, Thomas R (S) Oct. 1895 

'^^ilBon, Henry J. H., 117, Bede Burn Road, Jarrow-on- 

Tyne (E) Nov. 1895 

'^^ilson, James, Messrs. T. Richardson <t Sons, Hartlepool Engine 

Works, Hartlepool (E) Jan. 1896 

'^nson, John Paul, 9, The Knoll, Sunderland (S) Oct. 1896 

Wilson, John Reginald, Lyndhurst, Gosforth, Ncwcastle-upon-j Graduate, Mar. 1894 

Tyne (EE)t Member, Dec. 1899 

"Wimble, Arthur, 1, Queen Street, Jersey (E) Dec. 189a 
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Winstanley, P. D., Bureau Veritas Register of Shipping, 166, 

Fenchurch Street, London (S) Nov. 1884 

Winter, Thor., Boulevards-gaten, 21, Helsingfors, Finland ... (E) Nov. 1898 

Withy, H., Middleton Shipyard, West Hartlepool (S) Nov. 1884 

Wood, Henry Alfred, Oakfield Road, North Ormesby, Middles- 

brough-on-Tees * (S) Dec. 1893 

Wood, John Scott, 6, Eslington Terrace, Newcastle-upon- r Graduate, Oct. 1891 

Tyne (S) \ Member, Oct. 1896 

Wood, Joseph, Foundry Manager, Deptford Yard Brass Works, 

Sunderland (E) Mar. 1895 

Wood, William, 6, Eslington Terrace, Newcastle-upon-Tyne ... (S) Nov. 1897 
Wortley, Henry B., Kent House, Egerton Park, Rock Ferry, j Graduate, Jan. 1886 

Birkenhead (S) < Member, Nov. 1892 

Wotherspoon, James Douglas, 221, Linthorpe Road, Middlesbrough (E) April 1900 
Wray, Thomas W., Board of Trade Offices, Sunderland ... ...(SUR) Jan. 1895 

Wright, R., 6, Hawthorn Terrace, Newcastle-upon-Tyne (E) Nov. 1884 

Wright, William Charles, 17, Wansbeck Gardens, West HarUepool (E) Feb. 1898 
Wyand, Frederick W., 13, Bldon Street, Newcastle-upon- j Graduate, Oct. 1894 

Tyne (E E) ' Member, Jan. 1898 

Wyse, Thomas, North Lodge, Walker-on-Tyne (E) Nov. 1898 

Y. 

Young, Andrew, Bureau Veritas Register of Shipping, 155, 1 Graduate, Feb. 1892 

Fenchurch Street, London, E.C (S) « Member, May 1893 

Young, J. Denholm, 2a, Tower Chambers, Liverpool (E) Oct. 1888 

Younger, R. Elmire House, Heaton, Newcastle-upon-Tyne ... (E) Nov. 1884 

Z. 

Zee man, J. H., c/o Nederlandsch Indische Houtaankap, Maats- 

chappij, Semerang, Java (S Oct.) 1889 



ASSOCIATES. 

A. 

Andersen, Andrew P., Haldane House, Jesmond, Newcastle-upon- 
Tyne (SO) Nov. 1899 

Anderson, Daniel G., c/o Messrs. W. Angus &c Co., Grainger Street 

West, Newcastle-upon-Tyne (A) Nov. 1893 

Armstrong, S., Clifton Avenue, West Hartlepool (A) Nov. 1888 

Arnott, James, 25, Dean Street, Newcastle-upon-Tyne (8 0)iOct. 1895 

B. 

Bacon, William Charles, Chadwick House, West Hartlepool ... (S O) Dec. 1890 
Barklam, George, Burnt Tree Villa, Tipton, Staffordshire ... (A) April 1888 
Barr, John Smith, 16, Broad Chare, Quayside, Newcastle-upon- 
Tyne (A) Nov. 1893 

Barwick, J. S., Ashbrook Grange, Sunderland (S O) Nov. 1884 

Bell, J. H (I A S M) Oct. 1887 
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Lloyd, John, Deptford Shipyard, Sunderland (A) Oct. 1894 

Lockie, John, 21, Dean Street, Newcastle-upon-Tyne (S O) Oct. 1892 

Lodwldge, Philip, Baltic Chambers, Sunderland (A) June 1896 

Lord, W. R., 41, Queen's Road, Jesmond, Newcastle-upon-Tyne ...(M M) Feb. 190(> 

M. 

Macarthy, George E., 9, Dean Street, Newcastle-upon-Tyne ...(S O) Oct. 1887 
Mail, Douglas B., 3, St. George's Terrace, Jesmond, Newcastle- 
upon-Tyne (M S) Feb. 1895 

Maughan, William, 13, Mosley Street, Newcastle-upon-Tyne ... (A) Feb. 1887 

Mcintosh, R. Y., 34, Dean Street, Newcastle-upon-Tyne (E A) Nov. 1891 

Mclntyre, John, 3, Abbotsford Terrace, Newcastle-upon-Tyne ... (S O) Jan. 1885 

Meek^ John George, 13, Belle Vue Park, Sunderland (A) Dec. 1894 

Milburn, J. D., Queen Street, Newcastle-upon-Tyne (S O) Nov. 1884 

MUler, T. R., 9, Great St. Helen's, London, E.C (A Ic S O) Nov. 1884 

Mitcalfe, John Stanley, Chairman of Northern Maritime Insurance 

Co., Maritime Buildings, Newcastle-upon-Tyne ... (A Ic S O) Jan. 1892 
Moody, George Clark, H, King Street, Newcastle-upon-Tyne ... (SO) April 1900 

Morton, Benjamin, 18, St. George's Square, Sunderland (SUP) Dec. 1895 

Mulherion, G. F., Birtley Avenue, Tynemouth (A) Nov. 1884 

Muller, J. C. F., 28, Vieille Route, Antwerp (SUR) Feb. 1890 

Murray, Matthew, The Green, Wallsend-on-Tyne (A) Nov. 1893 



Nielsen, Hans Christian, 12, Cliff Terrace, Hartlepool (S O) Feb. 1898 

Nixon, John, c/o Messrs. Blyth Shipbuilding Co., Blyth (A) Oct. 1894 



O'Hagan, James, 99, Quai de la Fosse, Nantes, France (A) Oct. 1888 

Olsen, Hans Benedick, 70, Church Street, West Hartlepool ... (S O) Mar. 1893 
Osboume, Jas., 6, Ashbrook Terrace, Sunderland (S) Jan. 1885 



Park, Robert, Lauriston, Blackhill, Co. Durham (A) Dec. 1897 

Parker, George, 62, John Street, Sunderland (A) Dec. 1899 

Patterson, Thos., 2, The Elms, Sunderland (S) Jan. 1885 

Petersen, William, Messrs. Petersen & Tate, Bank Chambers, 

Sandhill, Newcastle-upon-Tyne (S O) Nov. 1893 

Phalp, Oliver, Almora, 37, Richmond Road, Cardiff (SUR) Feb. 188^ 

Pinkney, Thomas, 3, Ashbrook Terrace, Sunderland (SO) Dec. 1886 

Potts, Tumbull, Tyne Docks, South Shields (SUR) Nov. 1898 

Proctor, J. H., 22, Hawthorn Terrace, Newcastle-upon-Tyne ... (I M) Nov. 1893 
Pybus, William M., Jun., 85, Osborne Road, Newcastle-upon-Tyne April 1899 

R. 

Hadloff, Captain 0., c/o Messrs. Russian Steam Navigation Co., 

Odessa (M S) Nov. 1891 

Baine, John, Baltic Chambers, Sunderland (SO) Nov. 1897 
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Ramsay, J. W., 13, Northbrook Road, Lee, Kent (A) Feb. 1886 

Reichwald, A., Lombard Street,, Newcastle-upon-Tyne (A) Nov. 1884 

Reid, Sidney, Printer, Akenside Hill, Newcastle-upon-Tyne ... Nov. 1884 

Ren wick, G., Messrs. Fisher, Ren wick & Co., Maritime Buildings, 

King Street, Newcastle-upon-Tyne (SO) Nov. 1884 

Ritson, Arthur, 30, West Sunniside, Sunderland (S O) Feb. 1899 

Robson, Frederick, 46, Dean Street, Newcastle-upon-Tyne (S I M) Oct. 1887 

Robson, John William, G, King Street, Newcastle-upon-Tyne ... (M) April 1896 

Robson, Thos., Causeway House, Sunderland (S O) Nov. 1884 

Runciman, Walter, Femwood House, Clayton Road, Newcastle- 
upon-Tyne (S O) May 1896 

S. 

Scholefield, A., 17, Sandhill, Newcastle-upon-Tyne (S O) Nov. 1884 

Scott, W. H., Messrs. Scott Brothers, 46, Sandhill, Newcastle-upon- 
Tyne (S O) Nov. 1884 

Sisson, W. B., Northumberland Terrace, Tynemouth (A) Nov. 1899 

Snowdon, W. F., 32, Side, Newcastle-upon-Tyne (E A) Dec. 1886 

Squance, J. W., 13, The Avenue, Sunderland (M S) April 1888 

Stephenson, George R., Northumberland Engine Works, Wallsend (A) Nov. 1899 
Storey, Christopher, 28, Holly Avenue, Jesmond, Newcastle-upon- 
Tyne (A) April 1896 

Sutherland, Arthur M., 7, CoUingwood Terrace, Newcastle-upon- 
Tyne (SO) Nov. 1897 

T. 

Tate, Arthur, Messrs. Petersen & Tate, Bentham Buildings. Side, 

Newcastle-upon-Tyne (O) Nov. 1893 

Temple, George T., 20, Beach Avenue, Whitley Bay, Northumber- 
land (A) Jan. 1899 

Thompson, Wm. H., 5, Albany Gardens, Whitley Bay, North- 
umberland (A) Nov. 1899 

Thompson, V. T., Baltic Chambers, Sunderland (S O) Dec, 1886 

Todd, John Stanley, Percy Park, Tynemouth (U) Nov. 1895 

Towers, Edward, 4, Latimer Street, Tynemouth (A) Oct. 1888 

Towers, Michael G., Clementhorpe, South Shields (A A) Dec. 1899 

Trechmann, Otto K., Church Street, West Hartlepool (SO) Oct. 1896 

Tully, Robert, 9, The Lawe, South Shields (MS) May, 1900 

Turner, Edwin, 32, Powell Road, Clapton, London, N.E (A) Oct. 1895 

W. 

Wainford, Houston E., c/o Messrs. The Weardale Iron and Coal 

Co., Ltd., Tudhoe Ironworks, Spennymoor (A) Nov. 1899 

Wallace, H. S., 17, Blingsley Place, Heaton. Newcastle-upon-Tyne 

(Life Associate) (S) May 1899 

Watson, Thomas W., Gisbum House, Hartlepool (MS) Nov. 1890 

Weatheral, Henry, 27, Alderson Street, West Hartlepool (A) Feb. 1898 

Weller, William, 17, Lovaine Terrace, North Shields (SO) Dec. 1899 

Wight, Robert M., 42, The Exchange, Cardiff (M) June 1896 

Willis, Thomas W., Stockton Road, West Hartlepool (SO) Nov. 1899 
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Wilson, P. Alfred, 46, West Sunniside, Sunderland (I M) Nov. 1893 

Winstanley, Robt. Hope, 8, Kenilworth Road, Newcastle-upon-Tyne (A) Nov. 1897 
Winter, Edward G. > (A) May 1898 

Y. 

Yeoman, P., Messrs. Murrell & Yeoman, West Hartlepool ... (S O) Nov. 1888 

Younger, Robert Laurie, Messrs. Greenock Steamship Co., Limited, 

Greenock (A) Feb. 1889 



GRADUATES. 
A. 

Adams, Jas. Wilson, 8, Belle Vue Terrace, Gateshead-on-Tyne ... (E E) Nov. 1897 
Adamson, Charles P., c/o W. Kinnaird, Esq., 175, Great Junction 

Street, Leith, N.B. (E) Nov. 1897 

Agar, Alfred, c/o Messrs. Davison & Sons, Sirocco Works, Belfast, (E) Oct. 1898 

Allen, John C, 14, North Terrace, Newcastle-upon-Tyne (E) Dec. 1899 

Andrew, John Davis, 33, Osborne hoad, Newcastle-upon-Tyne ... (E) Jan. 1898 
Archer, J. Snowdon, 8, Bumside, Newcastle-upon-Tyne CE E) Nov. 1898 

B. 

Berriman, A. E., 12, Roxburgh Place, Heaton, Newcastle- 
upon-Tyne (E) Feb. 1900 

Blake, Lionel J. B., 14, Woodhouse Terrace, Gateshead-on-Tyne... Nov. 1899 

Bocler, Harry, 19, Azalea Terrace South, Sunderland (N A) Mar. 1898 

Bolam, Joseph H., 46, Northumberland Street, Newcastle-upon- 
Tyne (E) Nov. 1897 

Borthwick, Robert J., 8, Kensington Terrace, Newcastle-upon- 
Tyne : (E) Dec. 1894 

Brown, Thomas Scott, Jun., 18, Nixon Street, Newcastle-upon- 
Tyne (E) Oct. 1895 

Browne, Benjamin C, Jun., 58, Brighton Grove, Newcastle-upon- 
Tyne (E) Oct. 1898 

Bullen, Thos. H., 14, Bede Bum Road, Jarrow Mar. 1900 

Bulmer, Albert Edward, Inglewood, Prescot, Lancashire ... (E) Nov. 1895 



Calvert, E. A., 14, Albert Terrace, Tynemouth Road, North Shields (E) Oct. 1898 
Carnegie, Alfred Q., 21, Eldon Place, Newcastle-upon-Tyne ... (E E) Nov. 1899 
Carr, Ralph, Jun., Thomleigh, Clayton Road, Newcastle-upon-Tyne (E) Jan. 1894 
Chapman, John Frederick, 82, Woodland Terrace, Old Charlton, 

London, S.E (E E) Dec. 1896 

Chicken, George Percy, 28, Lawton Street, Newcastle-upon-Tyne (E) Dec. 1898 

Coulson, Richard H. A., 12, East View, South Shields (E) April 1897 

Crawford, J, F., ** Palmyra," St. George's Road, Waterloo, near 

Liverpool (E) Nov. 1893 

Crookston, David D., 29, Laburnum Avenue, Wallsend-on-Tyne... (E) Nov. 1899 
Cruickshank, Andrew, 52, Tennant Street, Hebburn-on-Tyne ... (E) Nov. 1899 
Currie, Hugh B., 41, Eldon Street, Newcastle-upon-Tyne (E) Nov. 1897 
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XLKOTVD. 
D. 

Dalziel, B (E) Feb. 1898 

Danielsen, John William, 24, Cardigan Terrace, Heaton, New- 
castle-upon-Tyne (E) Mar. 1899 

Davison, Joseph P., 107, Clumber Street, Newcastle-upon-Tyne... (8) Oct. 1898 

Dewar, John, The Green, Wallsend-on-Tyne (E) Nov. 1899 

Dilworth-TTarrison, D. R., 8, Belle Vue Terrace, Gkiteshead-on- 

Tyne (E E) Nov. 1899 

Dixon, John Thomas, 27, Meldon Terrace, Heaton, Newcastle- 
upon-Tyne ' (E) Dea 1899 

Dobson, William Gordon, The Cheaters, Jesmond, Newcastle-upon- 
Tyne (S) Feb. 1896 

Donaldson, Henry B., 10, Lily Crescent, Jesmond West, Newcastle- 
upon-Tyne (S) Nov. 1897 

Doxford, Robert, Jun., Silksworth Hall, Sunderland (N A) Feb. 1897 

E. 

Edminston, Alex. R., c/o Mrs. Sheffield, 10, Beaconsfield Square, 

Hartlepool (E) Jan. 1898 

F. 

Featherstonhaugh, Albany, 13, Park Place West, Sunderland ... (E) Oct. 1894 

Fenton, Frederick, 16, Kent Street, Jarrow-on-Tyne (S) Mar. 1^98 

Fletcher, Arthur C, 5, The Avenue, Wallsend-on-Tyne (E) Mar. 1900 

Forster, Charles M., Oakfield, Ry ton -on-Tyne (E) Oct. 1898 

G. 

Glahome, John W., 43, North Terrace, Wallsend-on-Tyne (E) Nov. 1899 

Graven, Arthur, 14, Hedley Street, Gosfor^h, Newcastle-upon- 
Tyne (E E) Jan. 1899 

H 

Haig, William G., 31, Harrogate Street, Sunderland (S) May 1899 

Hamilton, James, Beech House, Mile End, Stocki)ort (E) Nov. 1897 

Hammond, F. Chas., Park Head, Jesmond Dene, Newcastle-upon- 
Tyne Nov. 1899 

Hay, John, 44, Fern Avenue, Newcastle-upon-Tyne (E) Dec. 1898 

Heck, John S., 10, Bristol Terrace, Newcastle-upon-Tyne (E) Dec. 1899 

Hedley, Ralph, 19, Belle Grove Terrace, > ewcastle-upon-Tyne ... (E E) Dec. 1899 
Hepburn, James M., 17, Grosvenor Place, Jesmond, Newcastle- 
upon-Tyne (E) Nov. 1895 

Hills, Lawrence, 2, Somerset Terrace, East Boldon, Newcastle- 
upon-Tyne (S) Nov. 1898 

Hutcliinson, \Vm. S., Rock Lo<lgc, Roker, Sunderland (S) May 1899 

Hutton, John S., Kildale, Clayton Road, Newcastle-upon-Tyne (E) Nov. 1897 

J. 

James, Matthew C, Jan., 6, Park Terrace, Gateshead -on-Tyne ...(E E) May 1899 
James, Wm. E., 6, Park Terrace, Gateshead-on-Tyne (S) May 1899 
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Jobling, Vivian, Whickham, Swalwell, R.S.O. (E) Oct. 1898 

Joicey, Edward James, 30, Bewick Road, Gateshead (E) April 1900 

Jupp, William H., 121, Bede Bum Road, Jarrow-on-Tyne (E) Nov. 1899 



Kent, Samuel N., Lindenhurst, Heaion, Newca8tle-upon-T3me ... (E) Mar. 1896 
Kincaid, Thomas L., 29, Laburnum Avenue, Wallsend-on-Tyne... (E) Nov. 1899 
Elinsey, Wm. E., 9, Laburnum Avenue, Wallsend-on-Tyne ... (E) May 1899 



Laing, Bryan, Thomhill, Sunderland (S) Dec. 1896 

Lee, Hugh Warren, 88, Manor House Road, Jesmond, Newcastle- 
upon-Tyne (E) Dec. 1899 

Lindsay, James D., Femville, Gosforth, Newcastle-upon-Tyne ... (E E) Jan. 1897 
London, W. J. A., 104, Sandy ford Road, Jesmond, Newcastle- 
upon-Tyne (E> May 1898 

Luhrs, H., 10, Lodge Terrace, Wallsend-on-Tyne (E) Nov. 1899 



M. 

Mace, George, c/o Messrs. Burmeister, Weins & Co., Copenhagen, 

Denmark (S) Oct. 1896 

Biathews, Gordon D., 9, St. Luke's Terrace, Pallion, Sunderland... (E) Dec. 1899 
McCoull, Cecil, Ovington House, Ovingham, R.S.O., Northumber- 
land (E) Oct. 1896 

McRobie, Frank, 20, Victoria Street, Newcastle-upon-Tyne ... (E) Mar. 1889 

Melville, James, Duke Street, Barrow-in-Furness (E) Feb. 1900. 

Milne, George Murray, 17, East Percy Street, North Shields ... (S) Feb. 1898 

Mitchell, William, Glen Street, Hebbum-on-Tyne (8) Jan. 1898 

Moore, Jas. Forster (EE) Nov. 1897 

Moss, William, 6, Station Road, Wallsend-on-Tyne (E) Jan. 1898 

Murray, Athole J., Hassendean, Beech Grove, Newcastle-upon- 
Tyne (8) Nov. 1897 

N. 

Nelson, George, 63 Stratford Road, Heaton, Newcastle-upon-Tyne (E) Jan. 1900 

Nesfield, Albert C, 11, Victoria Terrace, Whitley Bay (E) Nov. 1898 

Hesfield, Arthur, 11 Victoria Terrace, Whitley Bay (E) Nov. 1898 

Nixon, John Robert, 4, Bath Terrace, Blyth (E) Feb. 1898 



Olsen, Hans B., Jun., Wellington Road, West Hartlepool (E) Feb. 1896 

Owen, Charles E. A., 13, Gloucester Terrace, Newcastle-upon-Tyne (S) Nov. 1898 

P. 

Patterson, Robt. O., Thomeyhol me, Blaydon-on-Tyne (E) Jan. 1895 

Piercy, Guy (S) Dec. 1898 
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Posgate, James Stephen, 11, Wandsworth Road, Heaton, Newcastle- 
upon-Tyne ^ (E) Nov. 1895 

Potts, Arthur W., 9, Beaconsfield Terrace. Gateshead-on-Tyne ... (E) Oct. 1898 

Potts, Joseph, 14, Moreland Street, West Hartlrpool (E) Feb. 1898 

Potts, Herbert Joseph, 42, Grosvenor Place, Jesmond, Newcastle- 
upon-Tyne (E) Dec. 1899 



R. 

Rappopyort, Fred. G., 14, Sunbury Avenue, West Jesmond, New- 
castle-upon-Tyne (E) Mar. 1894 

Robinson, Francis, Willington Rectory, Newcastle-upon-Tyne ... (E) Nov. 1897 

Robinson, Frank Bertie, 10, Dickinson Crescent, Gosforth, New- 
castle-upon-Tyne (E) Mar. 

Robson, Robert, 166, Rye Hill, Newcastle-upon-Tyne (E E) Dec. 

Robson, Geo., Jun., 9, Wellington Terrace, South Shields (E) Mar. 

Routledge, Herbert J., Stapleton House, Jarrow-on-Tyne ... (E E) Mar. 

Ruhaak, G: H. Mtllder, 28, Gelderschekade, Rotterdam (E) Feb. 



1899 
1894 
1899 
1897 
1898 



S. 

Sanderson, Thomas H., 31, Park Road, Jarrow-on-Tyne (E) Feb. 1898 

Scott, George, 36, Bede Burn Road, Jarrow-on-Tyne (E) Jan. 1900 

Shand, William Lamont, 64, Osborne Road. Newcastle-upon-Tyne (E) Nov. 1895 
Smith, Frederick H., Construction Department, Messrs. Elder, 

Dempster & Co., African House, Water Street, Liverpool (E $t S) May 1898 
Smith, John E., 16, Eslington Terrace, Newcastle-upon-Tyne ... (E) Nov. 1897 
Sprague, Cycil R., B.Sc, 16, Wentworth Place, Newcastle-upon- 
Tyne (E) Nov. 1899 

Stagg, Albert E., The Rectory, Willington-on-Tyne (E) Nov. 1899 

Steele, Wm. S., 4, Scott Street, Byker, Newcastle-upon-Tyne ... (E) Nov. 1898 
Stranbenzee, H. T. V., 15, Jesmond Vale Terrace, Heaton, New- 
castle-upon-Tyne (E) Nov. 1899 

Stuart, John, 57, Heaton Park Road, Newcastle-upon-Tyne ... (E) Dec. 1895 

Swinburn, M., Fraser Terrace, Heworth, Felling-on-Tyne, R.S.O. (S) May 1899 



T. 

Tate, Frank W., 16, Lincoln Street, Gateshead-on-Tyne ... (E) Nov. 1898 
Temperley, Nicholas R., 4, Carlton Terrace, Low Fell, Gateshead 

on-Tyne (E E) Dec. 1898 

Thew, Charlton, 15, St. George's Terrace, Newcastle-upon-Tyne... (E) Dec. 1899 

Thomas, John P (E) Dec. 1897 

Thompson, John, Wincombles House, Walker-on-Tyne (S) Sov. 1899 

Todd, George William, 126, Bede Burn Road, Jarrow-on-Tyne ... (S) Jan. 1898 
Turner, Charles N.,21, Landsdowne Terrace, Gosforth, Newcastle- 

on-Tyne (E) April 1S96 



V. 

Varty, B. S., 16, Hawthorn Street, Newcastle-upon-Tyne (S) Oct. 

Vaughan, Wm. A., The Poplars, Gosforth, Newcastle-upon-Tyne... Jan. 



1895 
1898 
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w. 

Waddingham, W. H., 42 Lovaine Place, Newcastle-upon-Tyne ... (E) Nov. 1897 
Wailes, William C, Jesmond House, Richmond Road, Cardiff ... (E) Nov. 1898 
Walker, Gavin Knox, Beverley, The Ridgeway, Enfield, London, N. (E) Mar. 1894 
Watson, John, 104, Cardigan Terrace, Heaton, Newcastle-upon- 
Tyne (S) Dec. 1897 

Watson, Kenneth, 3, Rosella Place, North Shields (E) Mar. 1899 

White, Percy M., c/o Messrs. Hawthorn, Leslie, & Co., St. Peter's 

Works, Newcastle-upon-Tyne (E) Nov. 1899 

Whittle, J. A., 52, Kenilworth Road, Newcastle-upon-Tyne ... (E) Nov. 1898 

Williams. Edward, Bradley Terrace, Walker-on-Tyne (E) Mar. 1899 

Wilson, Percy P., 5, Elwin Terrace, Sunderland (S) Jan. 1896 

Wilson, William S., 123, Osborne Road, Newcastle-upon-Tyne ... (E) Nov. 1897 
Win^tanley, P. G , 6, Joannah Street, Newcastle Road, Sunder- 
land (S) Oct. 1898 

Wood. Lionel, 65, Princes Gate, London, S.W (E E) Nov. 1897 

Wotherspoon, William L., 9 Jackson Street, Chester Road, 

Sunderland (E) Jan. 1898 

Wraith, Herbert 0., 7 Kensington Terrace, Gateshead (E E) Feb. 1900 

Wright, George Hudson, 23 Albury Park Road, Tynemouth ... (E E) Feb. 1896 
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THE NORTH-EAST COAST INSTITUTION 

OF 

ENGINEERS AND SHIPBUILDERS. 



Constitution an& Bije^^Xaws, 

Adopted at a General Meeting on the 4th March, 1885. 

Revised at the Closing Business Meeting held on May 4th, 1887. 

Re-Revised at the Closing Business Meetings held on May 
9th, 1888, May 13th, 1889, May 11th, 1891, May 14th, 1895. 
AND May 13th, 1898. 



CONSTITUTION. 

I. — The Name of the Association is "The North-East Coast Name. 
Institution of Engineers and Shipbuilders." 

II. — The Objects for which the Institution is established objecu. 
are : — The advancement of the science and practice of Engineer- 
ing and Shipbuilding, and the interchange of ideas and informa- 
tion amongst its membera, by means of meetings for the reading 
and discussion of papers relating thereto, and placing on record 
its transactions. 

III. — The Institution shall consist of Honorary Members, 
Members, Associates, and Graduates. 

IV. — Honorary Members shall be such distinguished Honorary 

° Members. 

persons as the Council may elect. 

y. — Members shall be Principals' or Principal Managers Members, 
engaged in Engineering or Shipbuilding ; Civil, Military, or 
Mining Engineers, or Naval Architects ; whose subscription 
shall be Two Guineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annum. 

VI. — Associates shall be such persons as are not strictly Associates. 
Engineers or Shipbuilders, but are connected with or interested 
in such pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be ( 
<juinea per annum. 
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VII. — Graduates may be persons under twenty-four years 
of age, engaged in study or employment to qualify themselvea 
for any of the above professions. Their subscription shall be 
Half-a-Guinea per annum. 

VIII. — Any Member may become a Life Member by a 
single payment of Twenty Guineas, or any Associate may 
become a Life Associate by a single payment of Ten 
Guineas. All such compositions shall be deemed to be capital 
moneys of the Institution. 

IX. — The Council of the Institution shall be elected from 
and by the Members, and shall consist of one President, the 
Past-Presidents, eighteen Vice-Presidents, fifteen Ordinary 
Members of Council, and an Honorary Treasurer. 

X. — The President and Honorary Treasurer shall be elected 
annually. Three Vice-Presidents and five Ordinary Members of 
Council shall be elected annually. The retiring Vice-Presidents 
shall be those who have been in office for the longest period, 
and Ordinary Members of Council those who have served 
three years from their last election. 

The President shall be eligible for re-election for a second 
year ; should he be re-elected he shall retire at the conclusion of 
his second year of office, and shall not again be eligible until 
after an interval of one year. 

The retiring Vice-Presidents shall be eligible for re-election. 
The retiring Ordinary Members of Council shall not be eligible 
for re-election to the same office until after an interval of one 
year, but shall be eligible for election to any other office. 

The Honorary Treasurer shall be eligible for re-election 
annually, or for election to any other office. 

XI. — Honorary Members may attend all the General Meet- 
ings, they may read papers, take part in discussions, in voting, 
in moving and supporting resolutions, in presentation of notices 
of motion, or in requisitions for Special Meetings, and in the 
proposition of new iueml>ers ; they shall also receive copies of 
the Transactions. 

Xn. — ^lembers shall have all the privileges of the Institu- 
tion as enumerated in the foregoing paragraph, and shall be 
eligil)le for office. 

XIII. — Associates shall have all the privileges enumerated in 
parai:rai)h XI. Tliey shall be eligible for office as Ordinary 
Members of Council. 
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XIV. — Graduates may attend all the General Meetings, they g^Sd?*^ 
may read papers, take part in discussions, and support resolu- 
tions; they shall also receive copies of the Transactions, but 
shall not sign proposals for new members, vote, nor be eligible 
for oflBce. 

XV.— The General Meetings of the Institution shall be held g^J^ 
during the months of October to May, inclusive, of each year. 

Note. — When the word Member is initiaUed with a capital letter it 
signifies a member under paragraphs IV. and V., bat when initialled with a 
smaU letter, it signifies a member of any class of the Institution membership. 



BYE-LAWS. 



MEMBERSHIP. 

1. — Every candidate for admission as a Member, Associate, a^lmIotJ'^' 
or Graduate shall be proposed and recommended according to 
the Form A in the Appendix, in which form the name, usual 
residence or the place of business, the qualification for, and pro- 
posed class of membership of the candidate shall be distinctly 
specified. Proposals for Graduates must give the date of, and 
age, last birthday. 

The form shall be signed by a Member or Associate of the 
Institution, as proposer, and by at least other three Members or 
Associates as supporters, certifying a personal knowledge of the 
candidate. 

The proposal so made shall be submitted to the Council, 
when, if it be approved, the Chairman shall sign the approba- 
tion, which shall be inserted in the notice calling the next 
General Meeting, when the candidate shall be balloted for, and 
shall be accepted if three-fourths of the votes are favourable. 

2. — Graduates desirous of becoming Members shall be pro- SSSj? w?e£i 
posed and recommended according to the Form B in the 
Appendix. 

The proposal so made shall be submitted to the Council, who 
shall agree to or reject it. 

3. — The balloting for membership shall be conducted in the mS^/*^"^ 
following manner : — Each member shall be supplied by post with 
a list of the names of the candidates, according to the Form C 
in the Appendix, and shall strike out the names of such can- 
didates as he desires shall not be elected. These lists may be 
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returned to the Secretary by post, or may be deposited in the 
ballot-box by the voter in person on entering a meeting at which 
an election is to take place. The ballot-box will be closed at 
ten minutes after the advertised time of meeting. The lists 
sliall then l^e handed over to the Chairman* who shall appoint 
two Scrutineers to examine them, after which examination the 
Chairman shall inform the meeting of the result. 

4. — Notice of Election as a member shall be sent to the can- 
didate within one week after his election, according to the Form 
D in the Appendix ; but his name shall not be added to the list 
of Members, Associates, or Graduates of the Institution, until 
he shall have paid his first annual subscription. 

o. — In case of rejection of the candidate, no mention thereof 
shdll be ma^le in the minutes, nor shall any notice he given to 
the unsuccessful amdidate. 

t>. — All subscriptions shall be payable in advance, and shall 
become due on the Isi of August each year. Any Member, 
Associate, or Graduate, wishing to retire from the Institntion 
shall continue to be liable for his annual subscription until he 
shall have given formal notice of his retirement to the Secretary, 
which uotice must Iv given on or before the olst of August in 
each year. Application for membership may be made at any 
time during a Session, and the subscrij^ion shall cover the 
meralvrship up to the 1st of August following. 

7. — On |>aymeni of each sulscripcion the Secretary shall 
forward :o the member an official receipt, 

>. — Ou quesciou of priviU^\ — Any per^.m who may be nn- 
kn.'v:! iu tht* m^vtiiig shall only be able to claim the privilege 
vj. .iu-:s:i-. -^ ou lojving his membership for the current Session. 

i^ — A::y lutiiiS'r whose sulxscripciou is one year in anrear 
<!iil*. Ih:' r\;vr:e'.l to the Council, who shall direct application to 
be nid-le :\r ::, ;i^\valiui: to Form E in :he Appendix ; and in 
zc.x ^vvi:: of i:s cou::uuitig iu arrear un:il the end of that 
N:>s:::: siit?:':* s*.:o:: iivylivXitioii, the Council shall have the power^ 
.i:t.r :\L:::v.>:rjiiv,t; by :-:::er, Avwrdiug :o :he Forr^ F in the 
Avvtiii.lii, ■-•:' >.l;oi:iri'j^ :hii: :he dt'iUulcer has ceased to be a 






I.. — T--: C-:.'."c:'. uiAy nr'iise :o v.v:i:i:*L:ie to r\:ceive the sub- 
<<.T'yci.i.> 0' :.i"y iv.^mUr who s>.ill l.ckvt^ \vi:ri-^-j acted in 
j». •;. : rA v t " : : : i: . : : i - K -. i^: m . j ; : : v. > . : : h-: I :: st i : ur io r. , o r w ho shall* 
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in the opinion of the Council, have been guilty of such conduct 
as shall have rendered him unfit to continue his membership; 
and the Council may remove his name from the list of members : 
and such person shall thereupon cease to be a member of the 
Institution. Notice of such action of the Council shall be for- 
warded to the person in question, in accordance with the Form 
G in the Appendix. The reason for such action of the Council 
shall not be stated to the person expelled, without the siinction 
of the Council. 

OFFICERS. 
11. — The Annual Election of Officers shall be conducted in Eiecuon of 

Officers. 

the following manner : — The Council shall meet in March or 
April, and shall arrange a list of nominations, in accordance 
with the Form H in the Appendix. It shall nominate new 
names in the place of the retiring Members, and the number 
of nominations shall be one in excess of the number required in 
each section of the Council. Such list shall be presented at the 
General Meeting immediately preceding the last General Meeting 
of the Session, and any Member present shall be at liberty to 
nominate additional Members. The list shall show who remain 
in office throughout the Council, and who are retiring. A copy 
of this ballot list shall be forwarded to each Member and Asso- 
ciate, together with a complete list of Members of Council, to 
be filled in, in accordance with the instructions printed in the 
ballot form, and to be returned to the Secretary to be opened in 
the presence of the Council, at a Council Meeting which shall 
be held in April or May, when the scrutiny and counting shall 
be carried out by the Council. Any Member in voting shall be 
at liberty to erase any name or names from the list and sub- 
stitute the names of any other person or persons eligible for each 
respective office other than those already placed on the ballot 
list by the Council and Members of the Institution. 

Any voting paper returning either more or less than one 
President, eighteen Vice-Presidents, one Honorary Treasurer, 
and fifteen Ordinary Members of Council, shall be disqualified for 
the section or sections in which such errors occur, and the votes 
shall be lost for the said section or sections. The votes given 
as President, to a Member who is not elected President, shall 
count to him as a Vice-President ; the votes given as Vice- 
President, or Treasurer, to persons not so elected, shall count to 
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them as Ordinary Members of Council, unless they have just 
completed a term of oifice in such capacity. 

The voting list shall not be sent to any Member and 
Associate whose subscriptions are more than one year in arrear ; 
nor shall any such Member be nominated on the list. For this 
purpose, the Secretary shall prepare, previously to the meeting 
of Council, a list of those Members whose subscriptions are more 
than one year in arrears. 

12. — The result of the ballot for Officers shall be declared 
at the Closing Business Meeting, to be held in May, at 
which meeting general business shall be transacted. At this 
meeting the newly-elected Officers, after being declared, shall 
enter into office ; and this shall be the last meeting of the Session. 

13. — The Council shall have i)0wer to supply any casual 
vacancy within itself (including any casual vaciincy in the office 
of President), which shall occur between one May Meeting and 
another; and the Officers so appointed shall retire when the 
|)ersons whose places they fill would hiive retired. Vacancies not 
filled during the year shall be filled at the General Election. 



General 
Meetings. 



Notice of 
Meetings 



Special General 
Meetings. 



GENERAL MEETINGS. 

14. — The Annual General Meeting shall take place in October, 
and the Closing Business Meeting in May ; each of these meet- 
ings shall l>e held in Newcastle-upon-Tyne. The Ordinary 
Meetings shall take place in the second week in each following 
month during the Session, unless otherwise arranged by the Coun- 
cil, and at such hours and places as the Conncil may determine. 

15. — Seven clear days' notice of every General Meeting, Ordin- 
ary or S]>ecial, specifying the nature of business to ])e trans- 
acted, shall be given to every member of the Institution. 

IG. — A Special General Meeting may be convened at any 
time by the Council, and such meeting shall l>e convened by the 
Council whenever such is the declared wish of a General Meeting, 
or whenever a written requisition, signed by twenty members, 
sjKJci lying the object of the meeting, is loft with the SecreUiry. 
If, for fourteen days after the delivery of such requisition, a 
meeting be not convened in accordance therewith, tlie requisi- 
tionists, or any twenty members of the Institution, may convene 
a Sjxicial Meeting in accordance with the requisition. The 
business discussed at such S^Kicial ]\Ieetings shall only be that 
indicated on the notice calling the meeting. 



17. — Twenty Members shall constitute a quorum for the pur- 
pose of a meeting other than a Special Meeting. Thirty Members 
shall constitute a quorum for the purpose of a Special Meeting. 

18. — The President shall be chairman at every meeting, and 
in his absence, one of the Past- Presidents or one of the Vice- 
Presidents ; or in the absence of these, an Ordinary Member of 
Council shall take the chair ; or if no Member of Council be 
present and willing to take the chair, the meeting shall elect a 
Chairman. 

19. — The decision of a General Meeting shall be ascertained 
by a show of hands ; or, when five Members or Associates shall 
demand, or the Chairman may think it desirable, the decision 
shall be taken by ballot. The manner of counting the votes 
shall be at the discretion of the Chainnan, and an entry in the 
minutes, signed by the Chairman, shall be deemed sufficient 
evidence of the decision of a General Meeting. In cases of 
equality of votes, the Chairman shall have a casting vote ; other- 
wise he shall not vote. 

20. — Questions of a personal nature arising in a General 
Meeting, shall, if possible, be referred to the Council, otherwise 
the decision of the meeting shall be taken by ballot on a motion 
or amendment put to the meeting. The ballot shall be taken by 
the voters (being Members or Associates) writing **for" and 
** against" on a slip of paper. The sHps shall be folded and 
collected, and then counted in the presence of the meeting, and 
the result announced by the Chairman. Should fewer than 
twenty votes be given, it shall be understood that the question 
is shelved, and the votes shall be destroyed without being opened. 

21. — At every General Meeting of the Institution, the Secre- 
tary shall first read the minutes of the preceding meeting, which, 
on approval, shall be signed by the Chairman ; business arising 
out of these minutes shall then be transacted. The Secretary 
shall read any notices which may have to be brought before the 
meeting. Notices of motion may then be given, and other 
business of the Institution may be attended to; but when a 
paper is to be read, the foregoing business shall not be extended 
beyond half-an-hour after the advertised time for commencing 
the meeting. The paper or papers for the evening shall then 
be read and discussed. 

22. — If within half-an-hour after the time fixed for holding 
a General Meeting a quorum is not present, the meeting shall be 
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dissolved, and all matters which might, if a quorum had beea 
present, have been done at the meeting so dissolved, may forth- 
with be done on behalf of the meeting, by the Council ; except 
the reading or discussion of a paper, which shall not proceed in 
the absence of a quorum. 

23. — Any General Meeting of the Institution may be ad- 
journed by a vote of the Members and Associates present if 
there be a quorum ; if there be not a quorum, the case shall be 
met by the preceding paragraph. 

•24. — Each member shall have the privilege of introducing 
one friend to the General Meetings, whose name must be written 
in the Visitors' Book, together with that of the member intro- 
ducing him ; but if the introducing member be unable to attend 
the meeting, he may send the name of the visitor to the Secre- 
tary. During such i^oitious of any of these meetings as may be 
devoted to any business connected with the management of the 
Institution, visitors may be requested by the Chairman to with- 
draw. This shall be done if five Members or Associates, or both, 
present request it. 

COUNCIL MEETINGS. 

25. — The Council shall meet before each General Meeting, or 
on other occasions when the President shall deem it necessary ; 
being summoned in either case by circular, stating the time of 
meeting, and the business, so far as is known. 

No business involving expenditure of the funds of the Insti- 
tution (except by way of payment of current accounts) shall be 
transacted at any Council Meeting, unless the circular gives six 
clear days' notice, and states the business. 

All discussions of a personal character in the Council shall 
be considered and treated as being strictly confidential. 

26. — The Council may regulate its own procedure, and dele- 
gate any of its powers and discretions to any one or more of its 
number. 

The President shall, eu'-o(fin'o, be chairman of all Council 
Meetings, and in his absence one of the Past-Presidents or one 
of the Vice-Presidents shall take the chair ; or in the absence of 
these, one of the Ordinary Members of Council shall be elected 
to take the chair. Five members of Council, including the 
Chairman, shall fonn a quorum. 

In the apponitmeut of Sub-Committees, the Council shall 
determine the number which shall form a quorum in each case. 
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and shall appoint a Chairman. These regulations shall not 
affect the Finance Committee. 

27. — The Council may appoint Committees either from itself, subOommittee» 
or with the assistance of persons outside, for the purpose of 
transacting any special business, or of investigating specific 
objects connected with the work and interests of the Institution. 

28. — All Committees or Sub-Committees shall be appointed 
by the Council, and shall be subject to that body, and shall 
report to it. The Council shall act upon these reports or recom- 
mendations as it may think best. The President shall, ex-officio^ 
be a member of all Committees. 

29. — Any member may by communication addressed to the 
Secretary petition the Council to lay before a General Meeting 
of the Institution the contents of any letter which shall in 
a short, concise, and clear manner draw the attention of the 
Institution to public matters of importance in connection with 
legislation proposed by any governing body in reference to the 
construction of ships, machinery, or the working of the same, 
so that members may by their scientific and practical knowledge 
demonstrate the soundness or otherwise of the proposed measure. 

30. — The Council may invite to General Meetings or to niritationto 
Council Meetings any person or persons whose presence and 
assistance it may desire, and strangers so invited shall be per- 
mitted to take part in the proceedings, but not to vote. 

31. — The Secretary, who shall also act as Treasurer, shall be 
appointed by and act under the direction and control of the 
Council, and shall be paid such salary as the Council shall 
determine. He shall attend all meetings. Council and General, 
and shall take minutes of the proceedings, and enter them in 
proper books provided for the purpose. He shall write the 
correspondence of the Institution and Council, read minutes and 
notices at meetings, report discussions, and, if required by the 
Council, prepare papers for reading and publication, and read 
papers and communications at the meetings. He shall receive 
all payments due to the Institution, and shall bank the cash in 
hand whenever it amounts to ten pounds. The bank shall be 
determined by the Council and the banking account shall be in 
the names indicated in connection with the Finance Committee. 
He shall keep a cash account book, general and detail, which 
shall on all occasions be open to inspection by the Finance 
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Committee or by the Council. He shall keep a register of the 
names of members, so arranged as to distinguish all members 
whose subscriptions are in arrear. He shall also perform what- 
ever other duties are indicated in the Bye-Laws of the Institu- 
tion as appertaining to his department; and shall remain in 
office during the pleasure of the Council. He shall not vote on 
any resolution. 

32. — The following Sub-Committees shall be appointed 
annually at the first meeting of the Council in each Session : — 
(1) A Finance Committee, to consist of seven persons, viz. : one 
Past-President or Vice-President, who shall be Chairman ; five 
Members of Council, and the Honorary Treasurer of the Institu- 
tion ; three of whom shall form a quorum. The Treasurer shall 
be empowered to pay all amounts due from the Institution which 
are under two pounds. All amounts of two pounds and upwards 
shall be paid by cheque, signed by the Chairman of the Finance 
Committee (or in his absence, by the President or a Past- 
President), the Secretary and the Honorary Treasurer. (2) A 
. Reading Committee, to consist of six members of Council. No 
member who has served on this Committee for three years in 
succession shall be eligible for re-election until after an interval 
of one year. (3) A Library Committee, in accordance with 
Library Rules, Nos. 1 and 3. (4) A Graduates' Award Com- 
mittee to consist of five members. 
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TRANSACTIONS. 

33. — All papers shall be forwarded to the Secretary at least 
five clear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Sub- 
Committee, three of whom at least, shall read the paper through. 
The Reading Sub-Committee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. A synopsis of the 
subject-matter of ea^-h paper shall be forwarded to the Secretary, 
by the writer, for insertion in the circular convening the meet- 
ing at which the paper is to be read. 

34. — The papers read, and the discussions on them, or such 
portions of them as the Council shall select, shall be printed for 



lix 



distribution among the members, each of whom shall receive a 
copy. These Transactions shall be edited by the Secretary, in 
accordance with instructions of the Council, who shall have 
power to omit parts of discussion which may be foreign to the 
subject, or which it may be deemed undesirable to retain. Each 
paper shall bear the date on which it was read in General 
Meeting. 

35. — Copies of papers to be read during any Session will be 
sent seven days before the date of reading to members who shall 
have applied to the Secretary for them, in writing, at the com- 
mencement of the Session. The discussion on a paper shall not 
be considered closed on the evening on which it is read, but 
shall be open for renewal at a subsequent meeting, prior to the 
reading of the paper set down for that date. 

36. — The Secretary shall send to each speaker as soon as 
possible after a General Meeting a copy in manuscript of the 
speaker's own remarks for correction. This copy must be re- 
turned to the Secretary within four days. A printed proof will 
also be sent to each speaker for further revision ; this must be re- 
turned to the Secretary within three days, otherwise it will be 
deemed correct, and printed off after receiving verbal corrections. 

37. — The Council shall be at liberty to print as Transactions, 
either with the papers and discussions or separately, explanatory 
notes, etc., communicated after the reading or discussing of a 
paper. Such communications must be approved by the Reading 
Committee, and shall bear the date on which they shall have 
been received by the Secretary. 

38. — The Institution shall not be held responsible for the 
statements and opinions advanced in any of the papers which 
may be read, or in the discussions which may take place at the 
Meetings of the Institution. 

39. — Twenty copies of each paper and discussion shall be 
presented to the author of the paper, for private use, and one 
copy shall be sent to each member. When a paper is prepared 
by two authors, fifteen copies shall be presented to each. Dupli- 
cate copies of parts of the Transactions mislaid or lost by 
members cannot be supplied to them, except as provided for in 
Bye-Law 42. 

40.— The Transactions shall not be supplied free to members 
whose subscriptions are unpaid. 
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41. — Any member elected at any time between the Annual 
General Meetings shall be entitled to copies of all the Transactions 
issued during the Session to which his first subscription applies ; 
but not until the subscription has been paid. 

42. — The Transactions of the Institution shall be the exclu- 
sive property of the Institution, and shall be published only by 
the authority of the Council. Additional copies of papers 
required by authors for their private use can only be procured 
from the Secretary, at prices fixed by the Council from time to 
time, and these copies must contain the whole of the discussion 
following the papers, and be bound in the usual cover, with the 
addition of the following words : — " By permission of the 
Council," and " Excerpt Minutes of Proceedings." Duplicate 
volumes and copies of parts of the Transactions, if in print, can 
also be obtained from the Secretary, and shall be sold only by him, 
in such manner and at such prices as the Council shall have fixed. 

43. — During a discussion upon any paper, no person shall 
be at liberty to speak more than once (except by way of explana- 
tion), nor for a longer period than ten minutes. 

ACCOUNTS, &c. 

44. — The Council shall present the yearly accounts (up to 
the 31st of July preceding) at the Annual General Meeting in 
October of each year, after they have been audited by a pro- 
fessional Accountant, appointed by the members at the Closing 
Business Meeting in May. 

45. — The capital, stock, and funds of the Institution shall 
be vested in the names of three Trustees, to be elected from time 
to time as vacancies occur by the members of the Institution at 
a General Meeting called for that purpose. All mortgages and 
other securities shall be taken in the names of such Trustees; 
and on any new appointment the funds shall vest in the newly- 
a})pointed Trustee or Trustees jointly with the continuing or 
remaining Trustee or Trustees. 

46. — The Finance Committee may, with the consent of the 
Council, invest in the names of the appointed Trustees of the 
Institution any moneys not immediately required for the pur- 
poses of the Institution, in or upon any approved securities. 

ALTERATIONS TO CONSTITUTION AND BYE-LAAVS. 

47. — Alteration in or addition to the Constitution and Bve- 
Laws may be made only by resolution of the menibers at the 
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Closing Business Meeting in May, after notice of the proposed 
alteration or addition has been announced at the previous 
General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
Closing Business Meeting in May in its original form before it is 
proposed in the amended form. 

Such resolutions shall be stated in the notice calling the 
intervening Council Meeting, and also in the notice calling the 
Closing Business Meeting in May. 

Any member unable to be present at the meeting at which vote by proxy, 
such alterations are to be considered, but who is nevertheless 
desirous of recording his opinion thereon, shall be allowed to 
vote by proxy, such proxies shall be in Form J in the Appendix, 
which may be had on application to the Secretary, and may be 
used by any member present at the meeting on behalf of the 
absent member, and counted by the Chairman as of equal value 
with votes given in the manner provided in Bye-Law 19. 



THE GOLD MEDALS. 
RULES. 

1. — That papers read by members of the Council shall be 
eligible for the Gold Medals' Award. 

2. — That the medals shall be awarded by the vote of the 
Council given at a meeting of the Council at which the business 
has been specially noted on the circular convening the meeting, 
and not by ballot papers previously sent out, as has hitherto 
been the custom. 

3. — That when the Council proceeds to award the medals, 
authors of papers who are members of the Council shall not be 
present nor vote at such Council meetings. 

4. — If at the meeting convened a quorum of the Council 
should not be present, or if the Council considers it desirable or 
cannot agree, the decision of the Council may be deferred and 
adjourned to a future meeting. 

5. — That the medals shall be awarded annually, provided the 
papers are, in the opinion of the Council, worthy of the award, 
but not otherwise ; and that they be awarded to the authors of 
the best papers, irrespective of their having previously obtained 
a gold medal. 
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APPENDIX TO BYE-LAWS. 



L Member, 
■odate, or 
adu»te. 

k Principal, 
mager. or 
auwitflman, 
L Bee Articles 
, VL, and VII. 
Constitution. 



FORM A. (BYE-LAW 1.) 

Name (in full) 

Profession or Occupation and where Employed 
Address 

being desirous of admission into the North-East Coast Institu- 
tion of Engineers and Shipbuilders, we, the undersigned, propose 
and recommend that he shall become* 
thereof. We know him to bef 
and eligible for the proposed membership. 



FROM PBR80NAL KNOWLEDUK. HECTION OF MKMBKBSHIP 



Proposed by. 

Supported by 

Three Members < 

or Associates. 



Dated this day of 

( \Vhe7i a Graduate is proposed the age last birthday should he stated,) 



FORM B. (BYE-LAW 2.) 

A. B. [Christian Name, Surname, Occupation, and Address 
in full] being at present a Graduate of the North-East Coast 
Institution of Engineers and Shipbuilders, and upwards of 
twenty-four years of age, and being desirous of becoming a 
Member of the siiid Institute, we, the undersigned [Members 
or Associates], recommend him, from personal knotvledf/e, as 
a person eligible for the proposed Change of membership, 
because — 

(I/ere /<pcci/i/ diHinHhj the QualiJictitUms of the CandUlate according 
to the Jtpirit of the liulrx of the Institvtton.) 

Signed , 

^ Three 

' [Meiiihei"s or 
r As.-'oeijite8.] 



Datrd this 



dav of 



11) 
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FORM 0. (BYE-LAW 3.) 

BALLOTING PAPER FOR MEMBERSHIP. 

The Council having considered the recommendations for 

Membership of the following gentlemen, present them to be 

balloted for, viz.: — 



Membbii, . 

ASHOGIATE. OB 
G&ADUATE. 


Occupation. 


1 
Address. 1 Nominated bt. 

1 


Supported 

BY Three 

Members or 

Associates. 













Strike out the names of such persons as you desire shall not 
be elected, and forward the list by post to the Secretary, or 
personally place it in the ballot-box at the Meeting. 



FORM D. (BYE-LAW 4.) 

Sib, — I am directed to inform you that on the .. day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
your name be added to the roll of membership, until you have 
paid your first annual subscription, the amount of which is 
£ : : , or, at your option, the Life Composition of 
£ : : . 

Payment may be made to the Treasurer, Mr. 

Address 



I am. Sir, 

Yours faithfully. 



Secretary. 



Dated 



19 



N.B. — In case of a Graduate, strike out "^r, at your ojftion, the 
Life Comjwsition of & : : " 
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FORM E. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to draw your attention 
to Bye-Law 6, and to remind you that the sum of £ 
of your annual subscriptions remains unpaid, and that you are in 
consequence in arrear of subscription. 

I am also directed to request that you will cause the same to 
be paid without further delay, otherwise the Council will be 
under the necessity of exercising their discretion as to using the 
power vested in them by the Rule above i^eferred to. 
I am, Sir, 

Yours faithfully, 

Secretary. 



FORM F. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that in 
consequence of non-payment of your arrears of subscription, and 
in pursuance of Bye-Law 9, the Council have determined that 
unless payment of the amount (£ ) is made previous 

to the day of next, they will proceed to declare 

that you have ceased to be a member of the Institution. 

But, notwithstanding this declaration, you will remain liable 
for payment of the an-ears due from you. 
I am, Sir, 

Yours faithfully. 

Secretary. 



FORM G. (BYE-LAW 10.) 
Sir,— I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that 
they feel it their duty to advise you to withdraw from the 
Institution, or otherwise thev will be oblisred to act in accord" 
ance with Bye- Law J) (or lo^ as the case may be). 
I am, Sir, 

Yours faithfully, 

Secretary. 
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FORM H. (BYE-LAW 11.) 

BALLOTING LIST. 
President.— One Name only to be returned, or the vote wall be lost. 
President for the current year (eligible for re-election.)* 

- New Nominations, from whom to select ONE. 



Vice-Presidents. -Eighteen Names only to be returned (including; 
the fifteen who remain in office), or tlie vote will be lost. . 

' Fifteen Vice-Presidents remaining in office. Tliese do not 

/* require to be voted for at this election, as their term of service 

I has NOT yet expired. 



-} 



Three Vice-Presidents retiring, eligible for re-election. 



V New Nominations, from whom to select THREE. 



Treasurer. — One Name only to be returned, or the vote will be lost. 
Treasurer for the current year, eligible for re-election. 

V New Nominations, from whom to select ONE. 



Ordinary Members op Council.— Fifteen Names only to be re- 
turned, including the ten who remain in office. 



Ten Ordinary Members of Council remaining in office. These 

do not require to be voted for at this election, as their term of 

service has NOT yet expired. 



Five Ordinary Mem]>ers of Council retiring, and NOT eligible 
^ for re-election. 



\ New Nominations, from whom to select FIVE. 



* To be oroflsed out before issue, when the PresideDt i not eligible for re-election. 
VOL, VI.-490). ^ 
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N.B. — (^/) The names of those who remain in office will be ooanted in 
the total number required without being re-written by the voter. 

(7>) Any list having either MORE or less than the required number of 
names voteil for in any section will be disqualified for that section. 

(<•) A'^otes as President for a person who is not elected will count for 
him as a Vice-President. 

(<7) Votes as Vice-President, or Treasurer, for persons not so elected, 
will count for thom as Ordinary Meml>ers of Council, unless they have 
just complcte<l a tenn of ofUce in that capacity. 

(/•) Tliis list, duly tilletl in, may be returne<l to the Secretary by post, 
or haiidotl to him, so as to be on the Council table before the commence^ 
ment of the scrutiny, which is appointed to take place in the Council 
Uo(mi,*at 8 p.m., on * 10 

(./*) A copy of this list shall be postetl at least Seven Days previous to 
the Annual Meiiting to every Meud>cr and Associate, who may erase any 
name or names from the list and substitute the name or names of any other 
jHjrson or persons eligible for such respective offices, but the number of 
persons on the list after such erasure or substitution must not exceed the 
number to Ikj electe<l to the respective offices. 

Secretary. 



FORM J. (BYE-LAW 45.) 



j Nobth-East Coast I:^stitution of Enoineebs and 

I Shipbuilders. 



FORM OK PROXY. 
Koii VoTKs ON Alterations to Constitution or Bte-Laws. 



I I, , being [an 

Honorary Member, Member, or Associate] of the above Institntion, 

I <lo hcMcby appoint Mr 

wlio is fan Ilonorary Member, Member, or Associate] of the same 
! Institution, to act as my Proxv, and record my Vote at the (General 

I Meetinf^' of the Institution, to beheld on the day of 

I » 18 , and at any adjournment thereof. 



Si/fnafitrc.. 
Address . . . 



.Secretary. 



I. — The Graduate Section shall be controlled by the General 
Bye-Laws of the Institution, and the following Bye-Laws are 
supplementary to these. 

This Section shall be open to all Members of the Institution 
who are under twenty-six years of age, who shall be at liberty to 
express their views upon any subject brought before the General 
Meetings of the Section. 

II. — The Officers of the Section shall be elected from and by 
the Graduates, in accordance with the Form given in the 
Appendix, and shall consist of one Chairman, one Honorary 
Secretary, and five Oommittee-men. The Committee shall have 
power to select one of its members to act as Assistant Honorary 
Secretary if required. 

III. — {a) The Officers shall be elected annually, and shall all 
be eligible for re-election until the age limit is reached. 

(Jb) Any voting paper returning either more or less than 
one Chairman, one Honorary Secretary, and five Committee- 
men shall be disqualified. 

IV. — The Annual General Meeting shall take place as early 
as possible after that of the Institution in the month of October, 
and the Closing Meeting shall be held prior to the Closing 
Business Meeting of the Institution in May. 

V. — A Special General Meeting may be convened at any 
time by the Committee. The business discussed at such Special 
Meetings shall only be that indicated on the notice calling the 
meeting. 

VI. — Nine Members shall constitute a quorum for the purpose 
of a General Meeting. 

VII. — Excursions shall be arranged during the Session as the 
Committee may find expedient. Any Graduate wishing to intro- 
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dnce a friend at such excursions must submit the name of his 
friend to the Committee at least three clear days before the date 
of the excursion. 

Seven clear days' notice of every excursion shall be given to 
every Member of the Graduate Section. 

COMMITTEE MEETINGS. 

VIII. — The Committee shall meet at as early a date as possible 
after the holding of a General Meeting, and on other occasions 
when the Chairman shall deem it necessary, being summoned in 
either case by circular, stating the time of meeting and the 
business so far as is known. All discussions of a personal 
character in the Committee shall be considered and treated as 
being strictly confidential. 

Four members of Committee, including the Chairman, shall 
form a quorum. 

IX. — The Honorary Secretary shall act under the direction 
and control of the Committee. lie shall attend all Meetings, 
Connnittee and General, and shall take minutes of the proceed- 
ings and enter them in proper books provided for the purpose. 
He shall write the correspondence of the Graduate Section and 
Committee (excepting that arranging for excursions, which shall 
be ammged by the Secretary of the Institution). He shall keep 
a stamp account book, which on all occasions shall be open to 
the inspection of the Secretary of the Institution. 

PAPERS. 

X. — The author of a paper shall forward to the Honorary 
Secretary, at least fourteen days Ijcforc the date of the reading 
of tlie ])ap(.T, its title and a synopsis of the contents : a copy of 
the 8yn(>})sis to Im forwanlt'd to every Oraduate, together with 
the notice convening tlie meeting at which the pajxT is to be 
read. 

XL — Aflcr the reading of a j)aper a copy must be forw^arded 
to the Secretary of the Institution in time to be placed before 
the (Jnuluati; Awards Committee. Tliis copy, if deemed neces- 
sary hy the Council, shall lx.*conie the pro|)erty of the Institution, 
and be placed upon the shelves in the Library. These copies, 
together with any sketches accompanying them, shall be written 
upon pa|K*r of uniform size. 
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APPENDIX. 

GRADUATES' BALLOTING LIST. 

Chaibhak. 



-(E) 1 
--( ) / 



Nominations from whom to select ONE. 
Hon. Secbetaby. 
f I \ Nominations from whom to select ONE. 
Committee. 



► Nominations from whom to select FIVE. 



5E) 

* ( ) 

( ) 

( ) 

( ) 

NOTES. 

1. — Any list having either more or less than the required number of 
names will be disqualified. 

2. — All voting papers must l;e returnetl to the Secretary of the Institu- 
tion on or before the day of , 19 . 

3. — No signature must be put on this paper. 

4. — * Signifies a member of the old committee. 

5.— (E) Denotes Engineer ; (EE) Electrical Engineer ; (S) Ship- 
builder. 

6. — ^A copy of this list shall be posted,' at least fourteen days previous to 
the Closing Meeting of the Session, to every Graduate, who may erase any 
name or names from the list and substitute the name or names of any 
other person or persons eligible for such respective offices, but the number 
of persons on the list after such cnuyire or substitution must not exceed 
the number to be elected to the respective offices. 

7. — Votes as Chairman or Hon. Secretary, for persons not so elected, will 
count for them as members of committee. 
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THE LIBEARY AND READING ROOM RULES. 



tommittee. 



^ropttrty. 



ilipointinent of 



Outies of 
:k>minitt«o. 



(iountof OiMJuing 
lucl CluHiuK, etc. 



1. — The Library and Reading Room shall be managed by a 
Committee, called the Library Committee, who shall have charge 
of all books, papers, specimens, etc., which may belong to the 
Institution. It shall consist of five members of the Institution, 
of whom at least two shall be members of Council. 

2. — The books and other property of the Library shall be 
vested in the Trustees appointed by the Institution. 

8. — The Library Committee shall be appointed annually, at 
the first meeting of the Council in each Session. No member 
who has served on the Committee for three years in succession 
shall be eligible for re-election until after an interval of one year. 
The Chairman shall be elected by the Council. 

4. — The Secretary of the Institution shall be Librarian, and 
shall also act as Secretary to the Library Committee. Three 
members of the Committee shall form a quorum. 

6. — The Library Committee shall be responsible for the 
binding and purchasing of books, penodicals, papers, etc., and 
for the expending of all money voted by the Council for its 
use. It shall appoint an attendant who shall act as Assistant 
Librarian. It shall make Rules for the management of the 
Library, subject to the approval of the Council, and present an 
annual report to the first meeting of the Council held after the 
annual scrutiny of the books referred to in Rule No. 1 3. 

0. — Except when closed by special order of the Library Com- 
mittee, or when the Council is sitting, the Library and Reading 
Room shall be open for consulting, borrowing, or returning 
books, every week day as follows : — 



Monday ... 


From 


10 a.m. 
7 p.m. 


to () p.m., 
to 9 p.m. 


and from 


Tuesday ... 


From 


10 a.m. 


to 6 p.m. 




Wodnosilay 


From 


10 a.m. 
7 p.m. 


to fi p.m., 
to 9 p.m. 


, and from 


Tlnirsday... 
Friday ... 


[ From 


10 a.m. 


to 6 p.m. 




Saturday ... 


From 


10 a.m. 
8 p.m. 


to 1 p.m., 
to 9 p.m. 


, and from 
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The Rooms will be closed on Christmas Day and the day 
following, New Year's Day and the day following, Good Friday 
and the day following, Monday and Tuesday in Easter week and 
Whit week, on Tuesday, Wednesday, Thursday, Friday and 
Saturday in the Race week of June, and the firet Monday in 
August (being Bank Holiday) ; also from the second to the fourth 
Saturday in July of each year, as mentioned in Rule No. 13. 

7. — Books shall not be lent to any persons except Members, 
Associates, or Graduates of the Institution, but a person entitled 
to borrow a book may send a messenger with a signed order for it. 

8. — Each member shall be entitled to introduce a friend to 
the Reading Room, whose name shall be written in the Visitors' 
Book, together with that of the member introducing him. 

9. — ^The books marked with an asterisk in the Catalogue 
shall be kept only for consultation in the Library, and shall not 
be lent. Pending the preparation of a Catalogue, the Librarian 
shall be instructed by the Committee as to which books shall be 
withheld from circulation. 

No periodicals, magazines, or pamphlets shall be issued for 
circulation until after they have been bound and added to the 
Lending Library. 

10. — The Librarian shall keep a register in which he him- 
self or the attendant shall enter the titles of the books lent, the 
date of lending, the name of the borrower, and the date of the 
return of the book to the Library. The borrower of the book 
or the bearer of his order shall initial the entry of such borrow- 
ing, and the Librarian or the attendant shall initial the date of 
the return of the book. 

11. — No person shall borrow or have in his possession at one 
time more than two volumes belonging to the Library. 

12. — No member shall retain a book longer than fourteen 
days, excluding the day of issue. He shall be responsible for 
the safe return of the book, and if it be damaged or lost he shall 
make good the cost of such damage or loss. 

13. — All books belonging to the Library shall be called in 

for inspection, and the lending out of books shall be suspended 

Tom the second to the fourth Saturday of July, inclusive, of each 

ear, and members shall be required by notice to return all 

ooks in their hands before the period mentioned. 



Lendini 
Books. 



Vidton. 



Reference 
Books. 



Unbound Book 



Register of 
Books Lent, etc 



Number Lent t 
each member. 



Return of Bool 



Yearly Inspect! 
of Books. 
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nae Members falling to comply with this injanction shall pay a 

fine of two shiUings and sixpence. 

14. — Members are requested, when in the Beading Soom 
or Library, to contribute to the general comfort by carefully 
abstaining from loud talking and noise of any kind. Smoking 
is not permitted in the Library. 

ifonbenin 16. — Any member being twelve months in arrears with his 

subscriptions to the Institution shall not be at liberty to use the 
Library or Reading Room after the commencement of the first 
Session followinjjr. 



N.B. — The foregoing Rules may be amendeil at any time by the 
Library Committee with the sanction of the Council. 



NORTH-EAST COAST INSTITUTION 



OF 



ENGINEERS AND SHIPBUILDERS. 



Sixteenth Session, 1899-1900. 



PROCEEDINGS. 



The Sixteenth Session of the Institution was opened on the evenuig 
of the 20th day of October, 1899, with a conversazione and ball, at the 
invitation of the President (Sir Benjamin Chapman Browne, D.C.L., J.P.), 
and Lady Browne, in the Assembly Rooms, Westgate Road, Newcastle- 
upon-Tyne, and was attended by a large assemblage of ladies and 
gentlemen. 



FIRST GENERAL MEETING OF THE SESSION, HELD IN THE LECfURE 
HALL OF THE LITERARY AND PHILOSOPHICAL SOCIETY, NEW- 
CASTLE-UPON-TYNE, ON FRIDAY EVENING, NOVEMBER 3bd, WJJ, 



Sib BENJAMIN CHAPMAN BROWNE, D.C.L., J.P., President, in the Chaik. 



The Secretary read the minutes of the Closing Business Meeting 
of last Session, held in Newcastle-upon-Tyne, on May 12th, 1899, 
which were approved by the members present, and signed by the 
President. 

The ballot for new members having been taken, the President 
appointed Mr. R. H. Muir and Mr. B. C. Browne, Jun., to examine 
the voting papers, and the following gentlemen were declared elected : — 
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PROCEEDINGS. 



MEMBERS. 

Allan, James, Engineer, 39, Wellington Street, Blytb. 

Allan. William, Jan., Engineer, c/o Messrs. Scotia Engine Works, Sunderland. 

Blake, James, Engineer, Northbrooke, Linthorpe, Middlesbrough. 

Brock, Henry W., Engineer and Shipbuilder, c/o Messrs. Wm. Denny & Bros., 
Dumbarton. 

Barley, Wm. M. F., Foundry Manager, 14, Croft Terrace, Jarrovv-on-Tyne. 

Butterworth, George Herbert, Engineer, 53, Park Crescent, North Shields. 

Denny, Leslie, Shipbuilder, c/o Messrs. Wm. Denny & Bros., Dumbarton. 

Denny, Peter, Engineer and Shipbuilder, Bellfield, Dumbarton. 

Fuller, Philip S., Engineer, 189, Cardigan Terrace, Gateshead -on -Tyne. 

Giacomuzzi, Virgilio, Naval Architect, c/o Messrs. Nicolo Odero fu Alessandes, 
Sestri Ponenti, Italy. 

Hall, Thomas, Engineer, 29, Selbnurne Road, llford, London, E. 

Macdonald, John C, Marine Engineer, c/o Messrs. Northumberland Engine 
Works, Wallsend-on-Tyne. 

Marsden, John H. Wade, Engineer, 17, Harrison Place, Newcastle-upon-Tyne. 

Maxwell, Thomas^ Engineer, 15, Ashfield Terrace East, Newcastle-upon-Tyne. 

McGlUivray, Peter, Marine Engineer, 14, Xormanton Terrace, Newcastle-upon- 
Tyne. 

Meuwissen, J., Ship Draughtsman, 18, Esplanade, Whitley Bay, Northumberland. 

Robson, David M., Engineer, 10, West Park Terrace, South Shields. 

Rutherford, Robt. T., Engineer, 34, Denmark Street, Gateshead-on-Tyne. 

Sneddon, Alex. Russell, Surveyor, Lloyd's Register of Shipping, 4, St. Nicholas* 
Buildings, Newcastle-upon-Tyne. 

Walker, Sept. H., Engineer, Denwick Street, Tynemouth. 

Wilkinson, Thomas, Draughtsman, 9, Laburnum Avenue, Wallsend-on-Tyne. 

GRADUATES TO MEMBERS. 

Canning, Chas. E.. Ship Draughtsman, c/o Messrs. Burmeistor c^ Wains. Ship- 
builders, Copenhagen, Denmark. 

Craggs, Adolphus, Mechanical Engineer, Ivy House, IVlton, Chest«;r-le-Street. 

Dixon, William John, Engineer. H.M.S. •• Renown," Mediterranean Sciuadron. 

Hunter, George Ernest, Shipbuilder. The Willows, Jesmond. Neweastie-npon- 
Tyne. 

Moroney, E. F., Marine Engineer. 180. Gloucester Road. Newcastle-n}>()n-Tvne. 

Robinson, Charles 0„ Engineer. Ingleside. North Sliields. 

Thomas, William, Foundry Manager. Holme House Foundry, Wigan. 

ASSOCIATES. 

Andersen, Andrew P.. Shij>owner. Haldane House, .lesniond. Newcastle-upon- 
Tyne. 

Angus, John Chas., Engineer, c o Messrs. Robt. Stephenson & Co., Ltd.. Hebburn- 
on-Tyne. 

Cnlley, F. I., Casliier, Xortliuniberland Terrace, Tynemouth. 

Hedley, Robert. Accountant, co Messrs. The Weardale Iron and Coal Co.. Ltd., 
Tudhoe Iron Works, Spennynioor. 

Hinchliffe, John. Accountant, 25, Hawthorn Street. Xewcastle-npon-'rvnc. 

Hodges, Thomas Wm., Accountant. SO, Osborne Road. Xewca>tle-ni>on- Tvnc. 

Sisson, W. E.. Secretary. Nortlniuiberland Terrace, Tynemouth, 
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Stephenson, George R., Cashier, Northumberland Engine Works, Wallsend-on- 
Tyne. 

Thompson, Wm. H., Accountant, 5, Albany Gardens, Whitley Bay, Northumber- 
land. 

Wainford, Edgar H., Accountant, c b Messrs. The Weardale Iron and Coal Co., 
Ltd., Tudhoe Iron Works, Spennymoor. 

Willis, Thomas W., Shipowner, Stockton Road, West Hartlepool. 

GRADUATES. 

Blake, Lionel J. B., Draughtsman, 14, Woodhouse Terrace, Gateshead-on-Tyne. 

Carnegie, Alfred Q , Electrical Engineer, 21, Eldon Place, Newcastle-upon-Tyne. 

Crookston, David D., Engineer, 10, Hawthorn Grove, Wallsend-on-Tyne. 

Cruickshank, Andrew, Engineer, 52, Tennant Street, Hebburn-on-Tyne. 

Dewar, John, Engineer, The Green, Wallsend-on-Tyne. 

Dilworth-Harrison, D. R., Electrical Engineer, 8, Belle Vue Terrace, Gates- 
head-on-Tyne. 

Glahome. John W., Engineer, 43, North Terrace, Wallsend-on-Tyne. 

Hammond, F. Chas., Draughtsman, Park Head, Jesmond Dene, Newcastle- 
upon-Tyne. 

Jupp, William H., Draughtsman, 1, Grant Street, Jarrow-on-Tyne. 

Kincaid, Thomas L., Engineer, 10, Hawthorn Grove, Wallsend-(m-Tyne. 

Luhrs, H., Engineer. 10, Lodge Terrace, Wallsend-on-Tyne. 

Sprague, Cycil R., B.Sc, Engineer, 16, Wentworth Place, Newcastle-ui)on-Tvne. 

Stagg, Albert E., Engineer, The Rectory, Williugton-on-Tyne. 

Straubenzee, H. T. V., Engineer, 6, First Avenue, Heaton, Newcastle-upon-Tyne. 

Thomson, John, Ship Draughtsman. Winccmibles House, Walker-on-Tyne. 

White, Percy M., Engineer Di-aughtsraan, c/o Messrs. Hawthorn, Leslie, & Co., 
St. Peter's Works, Newcastle-upon-Tyne. 



The Secretary (Mr. John Duckitt) submitted the Couneirs 
Fifteenth Annual Report and Financial Statement. 

The President delivered a short Address. 

Mr. F. W. Jennincjs read a paper on "The Working Stress of 
Materials used in British Locomotive Construction." 
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COUNCIL REPORT. 

(Fifteenth Session, 1898-99.) 



The Council has pleasure in stating that the finances of the 
Institution are still in a satisfactory condition, but regrets to state 
that the subscriptions in arrear amount to £68 158. 6d. Subscrip- 
tions are due in advance on the first day of August in each year, and 
if members would arrange to pay their subscriptions by the end of 
December, it would greatly assist the executive in carrying on the work 
of the Institution in a more regular and efficient manner. 

The fifteenth session was opened on the 14th day of October, 1898, 
when the new President, Sir Benjamin C. Browne, delivered his inaugural 
address ; and during the session the following papers were read and 
discussed : — 

" Some Features of the Repairs and Construction of Iron and Steel Ships." 

By Mr. M. W. Aisbitt. 
" An Improved Method of Strengthening Copper Steam Pipes." By Mr. T. 

Messenger. 
" Works' Organisation." By Mr. Tom Westgarth. 
'* Some Considerations on Freeboard and on the Relation between Scantlings 

and Freeboartl." By Mr. Archibald Hogg. 
** Notes on the Manufacture of Shafting for Screw Steamers, with some causes 

of Defects and Failures." By Mr. E. C. Chaston. 
" Remarks on the Increasing Frequency of Failure of Propeller Shafts." By 

Mr. Frank Caws. 
*' Shop and General Establishment Charges in Engineering Works, and their 

Relation to Costs and Estimates." By Mr. W. E. Cowens. 

Two Gold Medals were awarded for the papers read before the 
Institution during the fourteenth session : — 

The Shipbuilding Medal was awarded to Mr. A. Hog^ for his paper on '* The 

Comparison. and Construction of Ships' Lines." 
The Engineering Medal was awarded to Mr. A. L. Mellanby for his paper on 

*• The Effects of Different Arrangements of Crank Angles upon the 

Economy of Quadruple p]xpansion Engines." 

On the occasion of the Institution's visit to West Hartlepool on 
January 21st, 1899, Messrs. W. Gray & Co. kindly invited the members 
to inspect their Central Marine Engine Works. The visitors were 
cordially received by the officials. After the visit the members were 
most hospitably entertained by the firm. 
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The Institution Dinner was held in Newcastle-upon-Tyne on Friday, 
December 9th, 1898, and was well attended by members and their 
friends. 

The term for which the representatives of this Institution had to 
serve on Lloyd's Technical Sub-Committee having expired, the Council 
was called upon to elect four representatives to serve for a further term 
of four years. Mr. W. Boyd and Mr. F. C. Marshall having declined 
to stand for re-election, Mr. John Tweedy and Mr. J. W. Reed were 
elected to take their place. Mr. Robert Thompson and Mr. H. Withy 
were also re-elected. The Report of the retiring members will be found 
on page 259 of volume xv. of the Transactions, 

A communication having been received from the Board of Trade 
calling attention to the revised regulations proposed with regard to the 
examination of engineers in the Mercantile Marine, and desiring that 
these should be duly considered and reported upon, the Council gave the 
matter full consideration, and certain alterations and recommcndatioDB 
were forwarded to the Board of Trade which it was thought might 
prove beneficial. 

The President, on behalf of the Institution, invited the Institution 
of Naval Architects to pay a summer visit to Newcastle-upon-Tyne, 
and other ports on the North-East Coast. This was cordially accepted, 
and the visit was duly paid during the month of July last. 

Mr. C. H. Reynolds having left the district and resigned his seat on 
the Council, the Council has elected Mr. Firnest H. Craggs to fill his place. 

^Ir. H. S. Wallace having been obliged to resign his position as 
assistant librarian, the Council, as a mark of appreciation of his services 
during the ten years he has held the situation, has thought fit to make 
him a Life Associate of the Institution free of cost. 

During the tenth session of the Oraduate section eight meetings were 
held. The attendance at these meetings compared favourably with that 
of the previous session, but there is still room for improvement, and the 
Council hopes that the Graduate members will do their utmost to sup- 
})ort this useful section of the Institution. 

The session was opened by a most interesting address, delivered by 
the Chairman (Mr. R. Hinchliffe), on ^SSteamship Trials ;" and during 
the session the following papers were read and discussed : — 

*' Lubricjition." Bv Mr. F. \V. (1. Snook. 

"The Longitudinal Strains of Shij)s." Hy Mr. H. W. Donaldson. 
•■ Tlio Selection of Continuous-current Electrical Tlant for Power Tnuismis^ion 
in Yards and Workshoj)s." By Mr. .James Brash. 
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"The Design and Equipment of Electrical Power Plant for Collieries." By 

Mr. Talbot Dnekitt. 
" The Modern Tendency of War-ship Design." By Mr. C. E. Canning. 
" The Vacuum Automatic Bmke." By Mr. F. W. Jennings. 

The following places of interest were visited ; and the thanks of the 
nstitution are due to the principals and officials of these establishments 
or the kindness and courtesy extended to the junior members :— 

Messrs. J. L. Thompson ^t Sons, North Sands Shipyard, Sunderland. 
„ Palmer's Shipbuilding and Iron Co., Jarrow-on-Tyne. 
„ The Blyth Harbour Cimimissioners' Works, Blyth. 

The following awards were presented to the authors of papers read 
)efore this section during the ninth session : — 

Books to the value of £4 to Mr. A. B. Binns for his paper on *' The Air Pumps 

of Marine Enginfes." 
Book to the value of £2 10s. to Mr. F. G. Rappoport for his paper on ** Pattern 

Shop and Foundry Practice." 
Books to the value of £1 Is. to Mr. R. Hinchliffe for his paper on ** Some 

Notes on American Naval Architecture." 

Mr. R. Hinchliffe has been re-elected Chairman, and Mr. W. H. 
kVaddingham has been elected Honorary Secretary for the eleventh 
session. 

During the year the following additions have been made to the list of 
nembers : — Life Member, 1 ; Members, 63 ; Graduates raised to 
\lembers, 21 ; Life Associate, 1 ; Associates, 8 ; Graduates, 35. 

The Council regrets having to record the loss, by death, of the 
'olio wing :— Members : Mr. A. Ewen, Mr. W. C. Macdonald, Mr. J. 
Macgregor, Mr. W. Sootson. Associates : Mr. James Muir, Mr. James 
\f\^ait. Graduate : Mr. W. H. G. Davison. 

The Institution has lost, by resignations and other causes : — 
Members, 3'.) ; Associates, 7 ; Graduates, 12. 

The total number of names now enrolled is as follows : — 

Honorary Members ... ... ... ... ... 4. 

Life Members ... ... ... ... ... 7 

Members ... ... ... 784 

Life Associates ... ... ... ... ... 3 

Associates ... ... ... ... 122 

Graduates ... 118 

Total 1,038 



8 FINANCIAL STATEMENT. 

NORTH-EAST COAST INSTITUTION OF 
STATEMENT of RECEIPTS and PAYMENTS 

'Keceiptd. 

To Balance from last Account — £ s. d. £ s, d. 

At Bank ... .... 350 17 2 

„ Subscriptions received for Session 1898-99 — 

248 Members at £2 2s £520 16 

506 Members „ £1 Is 531 6 

123 Associates „ £1 Is 129 3 

115 Graduates „ 10s. 6d 60 7 6 

1,241 12 6 

992 

„ Association of Foremen Engineers and Draughtsmen — 

One year's Subscription 20 

„ Life Member — A. Harrison, Esq 21 

„ Subscriptions received in advance ... ... 9 90 

„ Arrears from Sessions 1892-98 — 

7 Members at £2 28 £14 14 

24 Members „ £1 Is 29 8 

(including 2 years' arrears paid by four of 
these members) 

3 Associates at £1 Is 3 3 

4 Graduates „ 10s. 6d 2 2 



49 7 

1,341 8 6 

„ Transactions sold this Session 35 13 4 

„ Copies of Members' Papers supplied 7 15 6 

43 8 10 

„ Tyne Improvement Commissioners — 

One Year's Interest to 21st June, 1809, on £605, at 3S 

percent 2118 6 

Viz.:— Medal Fund ... £274 

Graduates' Award and Life 

Members' Fund 331 

Less — Tax 14 5 



One Year's Interest to 10th .July, 1899, on £500, at 3J 
per cent. ... 

Less — Tax 

One year's Interest to 4th May, 1899, on £300, at 3 

per cent 

Less — Tax 

lljilf- Year's Interest to 13th July, 1890, on l'3(>0, at 3{ 
j)t'r cent. ... 
///.f.v — Tax 
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FINANCIAL STATEMENT. 



ENGINEERS AND SHIPBUILDERS. 

FOR Session ending SIst July, 1899. 



paismentd. 










By Transactions and Papers — 


£ 8. 


d. 


£ 


s. d. 


Lithog^phing 


34 12 









Printing and Binding 


192 13 


2 


227 


6 2 


„ Stationery and Circulars 


72 


6 




„ Reporting ... 


28 10 


6 






„ Rents — 










Offices and Electric Light Fittings 


112 12 


9 






Lecture Rooms 


7 4 









Telephone 


8 





228 


7 9 


., Rates, Gas, Electric Light, and Insurance 






28 


6 


., Salaries — 










Secretary, Salary 


340 









„ Commission 


66 1 


4 






Assistants* 


45 15 









„ Postages, Stamps, Post Cards, Parcels, etc 


94 19 


9 






„ Secretary's Expenses and Allowances to Hall Keepers, etc. 


42 15 


8 






„ Office Expenses, Coals, Cleaning, etc 


21 4 









„ Measured Mile Posts— Rent 


6 6 









„ Auditor's Fee 


5 5 









„ Lantern Expenses 


2 16 


6 


625 


3 3 


„ Library Account — 










New Books 


' 8 11 









Bookbinding 


12 10 






Additions to Transactions 


2 16 





23 


7 10 


„ Gold Medals' Fund- 






Two Gold Medals awarded 






11 






„ Graduates' Award Fund- 
Amounts awarded for Papers 

„ Tyne Improvement Commissioners — 
Investment at 3 J per cent, per annum 

„ Balance at Bank 



7 11 

300 
337 8 4 



£1,788 9 4 
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The PaESii>ENT proposed that the report and balance sheet be 
approved. He had no remarks to make of any importance. He 
thought they had had a successful year, and one felt more and more the 
great value of an Institution of this sort in the district. Speaking 
from a purely practical point of view, the only thing he would mention 
was this fact. They had had, as they knew, a visit from the Institution 
of Xaval Architects. When he was a young man their ambition used 
to be to become associates or members of the Institution of Civil 
Engineers. There was no doubt that the engineering world was now 
getting more subdivided, and to marine engineers and shipbuilders the 
Institution of Xaval Architects holds the position that used to be held 
by the Institution of Civil Engineei-s towards the whole profession. He 
thought it desirable that they should all bear in mind that this Institu- 
tion ought to be more and more closely connected with the Institution 
of Naval Architects, and that they should gradually look forward to 
becoming members of both bodies. He thought on the whole the 
report was satisfactory, and he had great pleasure in moving its 
adoption. 

Mr. J. R. FoTHERGiLL secoudcd the adoption of the report and 
balance sheet. He did not tliink there was much to say. He should 
like to draw the attention of the meeting to the fact that they were 
again in the unhappy position of having to cross out the names of 
several members who had not paid their subscription. He wished to 
draw attention to this most unsatisfactory condition. Arrears amount- 
ing to £68 15s. 6d. was a very serious matter. He found it very 
difficult to offer any explanation. It was an annual deficit which he was 
afraid they could not surmount. He also wished to draw their attention, 
and he hoped that of others than those present, to the Council's 
expression of opinion that it is desirable that all subscriptions should be 
paid before the end of December. This was very desirable for financial 
reasons and auditing of accounts. It must be very satisfactory to find 
that they had such a total number of members as over a thousand, and 
to note the additions that evening. So far as the balance sheet was con- 
cerned, he thought that the condition of the funds must be very satis- 
factory to the members. They would find from this balance sheet that 
they had a sum of something like £1,200 invested and about £;5:37 at 
the bank, so if they took the years the Institution had been in existence 
they would feel they were in a very sound position. They would note 
that the business-like coui-se was taken of writing off against value of 
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stock, material, etc., 10 per cent., which he was sure they would all 
agree to. 

The report and balance sheet were approved 7tem. con. 



THE PRESIDENTIAL RECEPTION AND BALL. 
Mr. G. F. MuLHERiON, obtaining the hearing of the meeting, said 
he thought it was only right that they, at their first meeting, should 
make their acknowledgments to the President and Lady Browne for the 
very kindly, courteous, and hospitable manner in which they had received 
them a fortnight ago. There were about 600 people present, and he for 
one — and he was sure he echoed the opinion of everybody present on 
that occasion— enjoyed a very happy evening indeed, and he thought 
he was only voicing the feelings of all in moving a very hearty vote of 
thanks to the President and Lady Browne for their kindness. 

Mr. J. R. FothbrgilTj had very great pleasure in seconding the vote 
of thanks, so well proposed to the President and Lady Browne. He did 
not think he could add to the expressions already made with regard to 
that pleasant and sociable occasion. He was perfectly sure that the whole 
of the members of this Institution, and particularly those gentlemen and 
ladies who were present, appreciated most fully, most thoroughly, and in 
every sense of the words, the hearty and genial reception they had had 
that evening. 

^Ir. MuLHKRiox put the vote to the meeting, and it was carried by 
acclamation. 

The President, speaking for Lady Browne and himself, was very 
grateful for their kind expressions. It was a great pleasure to see their 
friends around them, and he was sure as lonir as the trade of the North- 
East Coast continued they would find plenty of the older members 
willing to fill the office of President, and be jj:lad to give their friends an 
oi)portnnity of enjoying themselves. For such a gathering to give 
pleasure several things were necessary ; not only must the gathering be 
pleasant in itself, but very much depended upon the work of his kind 
friends — Mr. Duckitt and the stewards— and on the friendly spirit of 
the guests. It was a real pleasure to him to think that they, who were 
striving to make their living in cora]Xitition with each other, were also 
sincere friends and had great pleasure in meeting together socially for 
their mutual enjoyment. 
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PRESIDENT'S OPENING REMARKS. 

The President did not know that any opening remarks were 
expected from him this session. The Institution was prospering, and 
although trade varied, being sometimes good and sometimes bad, their 
Institution went on steadily. Trade might come and trade might go, 
but this Institution went on, ever getting more prosperous. That was 
as it ought to be. They lived in times when young engineers, to get on, 
must be scientific, keen, and practical. He supposed that, speaking 
generally, it was not harder for a man to earn a living now than ever it 
was ; but unless a man was keen and enthusiastic, there was very little 
place for him in a country where work was carried on at such high 
pressure as in England. It came to this, that men must take up their 
trades and industries in such a way that they really found a pleasure in 
them, that the work was not a task to which they went in the spirit 
implied by that sickening expression sometimes used when people talked 
of the working classes as *' sons of toil," as if toil were an evil. Why 
they would be bored to death if it were not for toil. Work should be the 
pleasure of life as well as the discipline of character. If you tell a man 
he is " a son of toil," it is like telling him, ** Oh, your work is dreadful." 
Is the ideal of happiness to be sitting on a wall, smoking a pipe, doing 
nothing ? Does anyone look upon the life of the "loafer" as the highest 
ideal of human happiness ? One reason for this Institution is to bring 
young men — and old men, too, for that matter-^ to take an interest and 
feel what an amount of pleasure there is not only in studying their 
profession, but in pitting their wits against each other in the friendly 
duel that comes from intellectual fencing and sparring, tending to 
smarten them up and make them more and more fit for the work they 
had to do. He thought there was a point which young and old ought to 
realise, that to succeed in their practical and professional work alike it 
must be divided into three distinct businesses. He spoke, of course, to 
a body of whom the majority were in a position where they had to make 
someUiing, which then had to be sold to somebody else for his use ; in 
fact, he should speak to them as scientific manufacturers. First of all, 
there was what they might call the full development of the draughts- 
man's work— that was designing the best possible article. Of course, that 
required a high scientific knowledge and also practical experience. The 
second thing was a full development of the foreman's work — the making 
of the article, the manufacturing of it in the best and cheapest way. 
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The third was to know and where to sell it. He would not dwell 
on the third, but would say a few words as to the second. A man 
might be able to manufacture an article well without being able to 
design it well. The two things, although touching at many points, in 
many ways, were distinct, and a man might be good at one without being 
good at the other. They would see that at once if they looked to any 
large work. Take the making of a railway. They had the consulting 
en<rineer, who made all the surveys, designs, and calculations for the new 
line. Then they came to the railway contractor. Now, the contractor 
was i[uite a different m^n to the engineer, so different that in the old- 
fashioned days of the civil engineers they did not consider one who was 
simply a contractor worthy of being a full-blooded member of their 
Institution. He (the President) thought they were wrong, for it was 
just as difficult to make a railway as to draw it on paper. There were 
special quaUties required for both — the one was the full development of 
the dnmghtsman's business, and the other of the foreman's business. 
Now, in the third place, howe\'er scientific might be their design, they 
must not shut their eyes to the possibility of selling the article when 
made. It had been said that " any fool " — that was a strong word, but 
he was not prepared to object to it— **any fool could do good engineering 
work if he did not care how much it cost." If a man could go over 
and over again he was sure to stumble upon the right thing at last ; 
but the thing was t^ l>o able to do good work right off without hesita- 
tion of any kind. Thei^e ought to In? no bud designing at all. In this 
aninoocion he jH)inttHl to what was known iis "standardisation "—the 
duplication of a given article over and over airain, instead of havinir each 
alteixnl or intorfennl with by the introilnction of some fad of the 
customer. First make your article as ]>erfect as jH>ssible. and in the 
o|>cn market say that was the article you had to sell. In the case of 
the oixlinary machinery of their shijvs they ^vrtainly did that in nine 
last^ out of ten. If they weiv uoing to buy an article like a !o<.\>motive 
euirine, what they shouM do would Iv to riuil a uiau who made someihinir 
like (he standani article you want. They must know it had not only 
Uvn ca:vfully thought out, but also that, having Uvn often made and 
worki\l ail its weak iKunis luul Uvn found out, aswrcainevk and n^i^tifietl. 
If a luan made a new di^ign v^" an\ihiuu, he found things her\^ and there 
haJ :o Iv put ri^rht, and it was far Iviter \\l:en chey designetl a new 
:\iv :o do so when it N\a^ lun \>aiaevl aiul ritul out -.he weak [K)ints 
^ to:- :: was wautv\t ; v>iherwisv\ when oi;e de^ii:ned a thit^c in a hurrv 
:l:e:v mi^hi Iv s.uue trumivry otMeciu^u niiMxl Kvaus<^ a smal! thini: 
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went wrong, and brought discredit upon the whole job. The thing he 
impressed upon them was this : there ought not to be any bad designing 
ever done. Much better was it to take one article, study what everybody 
else knew about it, find out what the best people in the world had found 
out, and go a step further, then they made a really perfect design. He 
had been taught very early in life that the first important thing for a 
young apprentice going into a shop was to know good work from bad 
work. When once their eyes got used to really good work they would 
never be satisfied with bad work. When people said to him, " Where do 
you advise me to send my son ?" he invariably said, send him where he 
will see really good work. This standardisation was the keynote with 
which the Americans had cut so seriously and so successfully into their 
trade. In some cases standardisation could not be adopted to get the 
best results. In a few cases it was quite worth while to have each 
article carefully designed so as to arrive at a special degree of excellence. 
Remember this, however, when they differed from existing types they 
did so because it was worth while even at a far higher cost to give 
a greater amount of labour to reach something altogether above the 
normal. However humble their position, whatever they made, whatever 
they did, whatever their sphere was, they ought to feel they were 
striving to do some fraction of engineering work better than any other 
human beins: could do it. 
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THE WORKING STRESS OF MATERIALS USED IN BRITISH 
LOCOMOTIVE CONSTRUCTION. 



By F. W. JENNINGS. 



[ItEAD BEFORE THE InSTITUTIOX, IX N E\VrASTLE-Ul»ON-TYNE, 0\ 

November 3ri), 1899.] 



One of the most difficult problems in designing any class of machinery 
is the determination of the proper working stress of the various parts, 
and to no class of machinery does this apply with more force than to the 
locomotive. The complex strains to which many of the parts are sub- 
jected, caused by running at high speeds over uneven roads, the fact 
that the boiler is part of the moving machine, the necessity for carrying 
the whole structure on springs, and various other reasons, all tend to 
render the conditions and stresses more than ordinarily involved. AVhile 
this is the cjise, there is probably no machine which has been more 
neglected by scientific men in this country. The writer does not know 
of any engineering college in Great Britain with an experimental 
locomotive, but in America there are several, upon which many useful 
experiments have been made. 

With the object of being of some assistance to the designers of 

locomotives, and also of inducing some of the many able members of this 

Institution to take an interest in the subject, the writer has investigated 

the stresses usually allowed on some of the more important parts of the 

locomotive. 

Piston Rods. 

The material most commonly used for piston rods is either crucible 
cjist steel or hard Siemens steel, the ultimate tensile strength varying 
from 30 to 50 tons i)er square inch, with an elongation of about 25 per 
cent, on 2 inches. The most common form of rod is that fitted with a 
separate crosshead, the end of the rod being slightly reduced to fit into 
this. This design enables the glands, bushes, and packing to be used 
without cutting in two parts. In British engines the rods are generally 
increased in diameter where they fit into the piston, and have a taper of 
about 1 in 6. Many rods are also increased in diameter at the cro.ss 
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head end, wliilst others have the crosshead forged solid. These designs 
are pre^'erable from many points of view to the other, the great objection 
to them being that they necessitate the glands, bushes, and packing 
being cut into two parts to enable them to be passed over the raised part 
of the rod. 

The stress allowed per square inch of net area through the cross- 
head keyway or at the bottom of the thread does not as a rule exceed 
9,000 lbs. per square inch, and although the writer has found instances 
of stresses as high as 12,000 lbs. standing satisfactorily, he thinks 
9,000 lbs. should be the limit. The tensile stresses obtained on the main 
part of the rods varied from 4,000 lbs. to 8,000 lbs. A limit of 6,000 lbs. 
is probably most satisfactory and will give sufficient allowance for wear. 
Upon investigating the liability to buckle by treating the rods as 
columns with fixed ends the stresses were found to vary from 5,000 lbs. 
to 8,0! '0 lbs., consequently any stress below 7,000 lbs. may be considered 
safe. The keys are generally made of somewhat harder material than 
the rods, and the shearing stresses, calculated for single shear, were found 
to vary from 9,00() lbs. to 15,000 lbs., the safe limit may therefore 
be put down as 14,000 lbs. 

Coupling Kods. 

The majority of coupling rods are now made of best Siemens steel, 
having a tensile strength of 80 to 35 tons per square inch and an 
elon^uation of about 30 per cent, on 2 inches, the rods being forged solid 
without weld. Several locomotive superintendents, however, still prefer 
to use Yorkshire iron, havin*.^ a tensile strength of about 24 tons, with 
an elongation of about 2") per cent, on in inches. ]^y far the greatest 
stress on coupling rods is due to the centrifugal force when running at 
high speeds. For the i)urj)ose of comparison the writer has adopted a 
standard of 35o revolutions j)er minute, this being e(iuivalent to an 
engine with a wheel (I feet diameter going at 75 miles per hour, and all 
the stresses mentioned due to the centrifugal force are calculated for this 
speed. Other stresses are produced by the push and pull of the ])iston, 
the variation in the length of rod due to the wc;ir of In'asses, and by the 
un('<[ual adhesion of the coupled wheels, but it is impossible to calculate 
the stresses due to the last two cjiuses. It may be sjifely assumed that 
the ni;iximum stress due to the ]>ush or pull of the piston does not occur 
in combination with the maxinunn stress due to the centrifugal force. 
\'\)y four-wheel coupled engines the load for tension and column calcula- 
tions has been taken as half the total piston thrust and for six-wheel 
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coupled as one-third. Many rods are now made I section, this being 
superior to the rectangular section, owing to its greater strength for an 
equal weight. The stresses due to centrifugal force vary from about 
10,000 lbs. to 18,000 lbs. for four-wheeled coupled engines, and from 
9,000 lbs. to 17,000 lbs. for six-wheeled coupled. Any stress below 
16,000 lbs. may therefore be considered safe for eitlier four or six-wheel 
coupled engines. The tensile stresses vary from 2,000 lbs. to 4,000 lbs., 
and stresses as columns with fixed ends tending to buckle horizontally or 
with round ends tending to buckle vertically vary from 2,000 lbs. to 
(>,000 lbs. 

Connecting Rods. 

Connecting rods are usually made of similar material to the coupling 
rods, the I section being used for the long rods on many outside cylinder 
engines, such as those recently adopted on the North Eastern and 
Great Northern Railways, whilst the solid rectangular section is still 
i-etained for the shorter rods on inside cylinder engines. The chief 
stresses are produced by the push and pull of the piston, and by the 
centrifugal force caused by the large end whirling round the crank. 
Unlike the coupling rods these stresses are not increased to any appre- 
ciable extent by unequal adhesion or variation in length due to wear, 
etc., therefore the stresses allowed are considerably higher. To obtain 
the centrifugal force at the centre of the rod, the writer described the 
ellipse formed by a point at the centre of the rod ; an approximate 
radius was then found for the top curve of this ellipse, this radius being 
used in the centrifugal force formula. The velocity was assumed to be 
the same as at the end of the rod. Thus for a crank pin path of 26 
inches diameter this radius was found to be about 25 inches, and the 

formula -^^- became 

W X [2-166 X .S-1416 x_5;838 (revolutions per second)]; 
;^2 X 2-083 

The tensile stresses obtained varied from 5,000 lbs. to 7,500 lbs., 
stresses as columns with fixed ends tending to buckle horizontally from 
6,000 lbs. to 18,000 lbs., or with round ends tending to buckle vertically 
5,00o lbs. to 10,000 lbs., the highest stresses being. on the rods of 
I section. The stresses due to centrifugal force varied from 5,(i00 lbs. 
to 11,000 lbs. The whole of the stresses given for coupling and con- 
necting rods are on the main part of the rods, the stresses through the 
straps, etc., being ignored. 
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Crank Pins. 

Crank pins are made of either Siemens steel with tensile strength 
varying from 80 to 40 tons and elongation from 25 to 30 per cent, on 
2 inches : of Yorkshire iron, tensile strength about 24 tons with elonga- 
tion about 2.*) \yeY cent, on 10 inches ; or of Whitworth fluid compressed 
stool, tensile strength about 3 (J tons with elongation about 25 per cent, 
on 2 inches. The stresses on crank pins for inside cylinder engines, or 
on driving crank pins for outside cylinder engines, on which the connect- 
ing rixi is next to the wheel. /.'•., inside the coupling rod, are infinitesimal, 
tlio sizes iKnng detorniinoii almost entirely by the bearing surface. The 
writer has, theivforo, confiiM^l his attention to the driving crank pins for 
outside cylinder engines on which the connecting rod is outside the 
iH)upling nxl, this Knng necessarily the case on all six-wheel coupled 
engines, and to trailing crank pins for outside cylinder engines upon 
wliich the ixnuuvting nnl is inside the coupling nxi. It has been 
assumed that the tot^d piston thrust is uniformly distributed amongst 
the ivuj^KhI whivls. Thus, in the i^-ase of a driving crank pin for a 
six-wluvl amplod engine the primary Unding moment due to piston 
thrust is \ total piston thrust uudiiplioii by distamv from centre of 
ivniu^ting nnl journal to wluvl fa^v, the ciuinicr Ivi.ding momviii due to 
the sup^H^rt of the tvurling nnl Iving 5 piston thrust multiplied by 
iUsuuuv tivui i'l'utrt* of ooupUui: rxnl iouriial to wh^.-el face. In the case 
of a r'our-whtvl i\>upK\i onc'tH, the ] ar.d :::*, ^^ tach l»eoomv ^. Ry 
vli\l:iv:iv,i: tho ^.vunuv uvAiiUi: ii\oii:v!i: :r\'r.i ::.-. priuuiry i "ending 
i:\^*-..;tu tlu* av:u:»: '\*aI':-. :v^":.': is v^l :::'! iv:. '*• :;. ^::::h ::.v >trvs6 
v.v. \' v,;>'.Iy v\;'.v'V.'.i.;\'. I - s*. •\<'s. ^ ; ' ;> '....".. . . ./;} ':■.:.. I", "On 
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sufficient allowance for wear. On several railways the bars are supported 
at the centre, the London and South Western Railway supporting them 
in this manner, and making them of cast iron. This type has been 
ignored, as it is impossible to compare them with those of ordinary type. 

DfiiviNa Axles for Outside Cylinder Engines. 

These axles are generally made of Bessemer or Siemens steel, the 

tensile strength varying from 28 to 38 tons, with an elongation of from 

25 to i:5r) per cent. The chief stresses on them are the bending stress 

due to the load on journal, the torsional stress caused by the uneijual 

adhesion of the wheels, and the bending stress caused by the centrifugal 

force, when going at high speeds round curves. As the writer has not 

sufficient particulars to calculate the last stress, it has been ignored. 

When running at high speeds over uneven roads, there will probably be 

other stresses which it is quite impossible to calculate. It has been 

assumed that the' piston thrust is uniformly divided amongst the 

coupled wheels. Thus, in a six- wheel coupled engine, the ]>ending 

moment due to piston thrust is ^ piston thrust multiplied by the 

distance from centre of connecting rod bearing to centre of axle box 

journal, and the bending moment due to load on journal, the load 

multiplied by the distance from centre of journal to centre of rail. As 

these stresses are at right angles to each other, we get, calling the 

resultant C,and the stresses A and B respectively, C = s/A^^~B^. It 

is not probable, under any circumstances, that more than half the 

twisting moment is transmitted through the axle. This, therefore, 

, half piston thrust x length of crank -□- • w • i . i 
rjecomes : *- Having obtamed the 

iKinding stresses A and B, the resultant C, and the torsional stress T, 

C /C^ 

the total resultant is ^ "^" -V r "*" '^^' '^^^ ^^^^^ resultant stresses 

obtained in this manner vary from 7,000 lbs. to 10,000 lbs. on new axles, 
5md from 8,000 lbs. to 12,000 lbs. with journals worn half an inch. 
Therefore, sti-esses of 8,00-) lbs. and 10,000 lbs. respectively may be 
considered good practice. 

Crank Axi.es. 

Crank axles are usually forged from best Siemens steel, the tensile 
strength varying from 30 to 35 tons, with an elongation of from 30 to 
<i5 per cent, on 2 inches. "J'o obtain the maximum stress at the centre 
of the axle, the writer has assumed that it is possible for the maximum 



i 



I»i.hrf» \\\s\\^\. lit Im»M» rylifMlMri* to In? t,riiriHrnitU5<l to the axle at the same 
rnw . (hfiA Im ii\ihuu Mm* iMMMlin^ Htn^MH (hio to piHton thrust the axle has 
liM.H (M'mIiwI m« h iM'Mtn mippoi'liMl, tlic? ccntn; of bearings being the 
M'filM' or qii|ipoifp iMiil londtMl nt (v^o poiiitH, viz., the centres of cranks. 
I'm iililfilii llio JMiPJniinl wln'ni* hf» hiin nKHunied that half the total twisting 
iiiMMii'iil iliin III nun I'mnli IM tnuiHniittt'd through the axle. By com- 
liinliiL! 1Im'«»' hVM phppBim with Iho luMulinv: Kti\»s« due to load on journals 
H'«nlhM»l flh'i»Mi'a (tl «MMHn» of u\Ip varyitjjr from i),000 lbs. to 13,000 lbs. 
\\«'h' Mlilninpil, nttd « Mt*<»HH of I KOOO ll>8. nmv Ini amsidered good 
p»!»>iiri» Th»» «ln»»»»0F* on tho jonnmls won^ obt^iined in a similar 
♦umuti'v lo ihojn^ tor Mvrtijriu rt\W» it iHMUg assumcii, however, that the 
ioimI W\\ dno <o piMou \\\\{\M is (rAusmitli^il ihrtnigh the axle instead of 
U'WMi y\\\\u'\\\\\\^A\ \\\\\\M i\\\\\>\\^{ (ho ixnipkxi whctls. Tlie :c4a] 
^. nlitOM Kin-*^^**^^ obi;un<Ni N-arifHl fn^m 7,iM><» lbs. to IKiHO llie^ on Drw 
^Mn»vO«* 'M\A U^^m t^'MO IKv. to l:^,<>0o U^. with joumaJs worn haiif ni: 

U .^^nv^,^^'^^^^ i^vN'si pVj!|Ol;«Y'. 

In iNMii''«vi,%ri. tbo x^Vik-r wiTsi cx-j-vross bis irro^t indebfiOiiliKS*' T^ libt- 
f.N'.rxx -ni: l.NNNn-^.M AT M*iiv-r;Y)i-f''n*^f'Tits who have iri^'en him sf' mntiL 
\ f) ' I ? M i i^i 1 i '■". ">T n> ft I ;or : ^"^ ^^' rn-s*! ('11 . Kso . . X an^i Tjfti^eni HkD wiir . : 
11 V hvi.«.. I'V;.. (. :v'M NiVJ-hr-TTi >"i4*iViiy : .1. T. Mc.lrrnsik Er(4.. 
«'v!.s!i>T'M.i Rf,.>j,\ . 7\ VJ'iirr.Tf'.'u'rl. Ks... Lnni^oi: and SonU: "VTesxirrL 
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PrsTOx Rods. 



Tensile stress at centre 
40750 



= 5,770 lbs. 



3 X 3 X -7854 
Stress at column 

40750 / 1 X 49 X 49 \ . ^^^ „ 

= 3-X 3-^78-54 (^ + L^O xT-^3) = ^'^^^ "^- 
Stress at bottom of tliread. Diameter = 2*66" 
'^0750 
= 2^06 X 2-66 x-785-4=7'830'b«- 
Stress through kejrsvay 
40750 



(M 
Shearing stress on key 
_ 40750 _ 
■" 1-48' X 2 



= 6,090 lbs. 

= 13,760 lbs. 



CoupiJXG Rods. Four-wheel Coupled ExcaxEs. 

Centrifugal force 

166 X (1-833 X 31416 x 5*833)2 



32 X -916 = '^'^^ ^^'' 



Tensile stress 

17!:25 



- Q3 11 =3,030 lbs. 
3j X 1^ 

Stress as ooluuiii with fixed ends, tending to bui-kh horizontally 

170-J:) /, 1 X 1)4 X i)4 \ . ^_ ,, 

li X lU "»"0" X \h X IhJ 

Stross as colimin with round ends tending to buckle vertically 

= .'''-\ / IxlUxiU X 

t.\ X 1}> V 7.>o X 4.\ X 4iy 

Stress due to centrifugal force 

, , , , , , = 1 K8.>0 lb-. 
S X l.k X 4Kx tl 

C.MiMJNt. l\on<. Si\-\vHKKL (\>rri.Ki» Kni;ink>. 

rfi:irifuL:a! f«)rtr. coupled end 

13:'. \ lis;;;; x ;;iili> x 5s;:;; ' . , .. 

(\-nv/ rii-jal f<'r<v, >olid iiul 

!•;•: . i r^;;:'. \ olil('» x ;)\s;;.» • 
= .- •;, too h> 

;;i' x i'h; 
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Tensile stress 

11850 



= 2,330 lbs. 



- 3i X 14 

Stress as column, coupled end, tending to buckle horizontally 
11350 /, 1 X 76 X 76 \ « ,^^ „ 

= 4r^rri (l + 3000xUxu ) = ^'1^^ ^^''' 

Stress as column, solid end, tending to buckle horizontally 
11350 /, . 1 X 94 X 94 \ . ^^^ ,, 

Stress due to centrifugal force, coupled end 
= 5120x76x6 _ 9,9(^1^^^ 

Stress due to centrifugal force, solid end 

6400 X 94 X 6 ,, „. . ,, 

= X II - - - ,- - , = 14,8o0 lbs. 

8 X IJ X 4^ X 4^ ' 

Connecting Rods. 
Centrifugal force 

Tensile stress 

= «»= 7.000 !>». 

Stress as column, tending to buckle horizontally 

34050 /, . 1 X 72 X 72 \ „ ^n^ n 
= -liTTf (l + 3000 X li xll) = 7'8^« '^- 

Stress as column, tending to buckle vertically 

34050 /,, 1 X 72 x 72 \ „ „.^ ,, 
= sFlTil I' + 750 X "31 X 3i) = ''^■'^0 ^^- 

Stress due to centrifugal force 

3020 X 72 X 6 ^ ^,^ „ 

= 6,220 lbs. 



8 X IJ X 3J X 3| 

Crank Pins. 

Primary bending moment, due to piston thrust 

= 45800 X 8" = 362,400 lbs. 

Counter bending moment due to coupling rod 

45300 X 2^ X 2 ^^ ^^^ „ 

= 5—= = 71,800 lbs. 

o 

Actual bending moment 

= 362400 — 71800 = 290,600 lbs. 
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Stress 

= •0982^"5rx 5| xTi = l*'^-*^ "«• 

Slide Bars. 
Load on bars 

34050 X 12 , ^^^ ,, 

= yg-- =0,675 11)8. 

Stress 

5675 X 45i X 6 ,^ .^.^ „ 

== -7- _ — ,v s = 19,350 lbs. 

4x5x2x2 ' 

Driving Axles for Outside Cylinder Engines. 

Bending stress due to piston thrust (A) 

45360 X 18i _ ^ _^^ ,, 

= 3 X -0982 X 74 X "7r>r7l " ' '^^^ ***'* 
Bending stress due to load on journal (B) 

1064O X 8i . ,,_ ., ^ 

= •0982 X Yf^-7i X 7i = -'^^^ ^^^- 
Torsional stress (T) 

45360 X 13 

"" 3"x~2 "x -11)6 X 7^ X 7f xr7| 
Resultant of stresses A and B 

= n/7380- + 2350- = 7,7(0 lbs. 
Resultant of stresses A, B, and T 

7760 /7760- ". v. - <. . n 

= ., - + ^ , 4- 1-^20- = 7,1)80 lbs. 

('KANK AXLKS. StKKSS AT OkNTRE. 

Hendinu sti*e>s due to piston thrust (A) 

.".:)(;2o X 'i\\ — :^:h;-jo x ui . . „ 

= ., .> -1 -, -. = i^560 lbs. 

Kendnig stress due to load on jvinrn.d \\V) 

l.'j.'sOo X '1\^\ — i:»^(K> X iM.^ , , ^ ,, 

= , , . - -, -, - = -.1^0 bs. 

M>;)8i' \ . i X i] X 7] 

Torsional stres> i^T 

3:m;-jo X \'2 



= 1,320 lbs. 



_, _^ = i>.S7o 11,>. 
li*'-- r.t.iiH of vtivssi'S A and li 



•li»6 X 71 X 7j 



•f stresst< A, H. ;;i;.l 1' 

;Kiin / :>.vo • 

— -^ *J^7o- ■- lo.,">so 
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Stress on New Journals. 
Bending stress due to piston thrust (A) 

= -09 82 X 7 i X 7i X H = ^'''^ ^^"\ 
Bending stress due to load on journal (B) 

15800 X 5 , n.r 11 

= ^8 2x7^x7^x7j> = ^-^^^^"^^- 
Torsional stress (T) 

35620 X 12 .^ ^^^ „ 

= »196 X 7i X 7i X 7^ X 2 = -''' "^^- 
Resultant of stresses A and B 

= n/8G202 + 1910^ = 8,830 lbs. 
Resultant of stresses A, B, and T 



= ?^ + J"^ +"2590^ = 9,540 



lbs. 



TEX MINUTES' RULE. 

The President said the paper was now open to discussion and he 
would like to make one remark before it began. Last year his work as 
President was criticised in one particular, viz., that he sometimes let 
members speak too long. The rule of the Institution was that no one 
should speak more than ten minutes. The only exception might be 
when some one came direct from London or a long distance to speak 
particularly on a certain subject. There he might in that case be 
allowed some latitude. Any man ought to give his views well and 
clearly within the limit of ten minutes, if he had thought the subject 
over and was able to express himself properly. Having said that, he had 
to emphasise the fact that no one should speak more than ten minutes. 



DISCUSSION. 

The President said there was nothing to be afraid of in the 
locomotive engine. Most of them were marine engine makers. The 
works he belonged to were first famous for locomotives and took to 
marine engines afterwards. As marine pressures went higher it gave the 
old locomotive men a great advantage, because they were used to high 
pressures to begin with. Thirty years ago in the Royal Navy and else- 
where, engine boilers were working at 20 lbs. pressure, whilst locomotive 
engines were not far short of where it had got now, over 100 lbs. As 
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marine en<i:ineers adopted compound engines and the pressures went 
up to GO lbs., and, so on, the marine engineering men were terribly 
afraid they were going into an unknown country. It was nothing for 
people at places like Hawthorn's to do this, they had been used to these 
high pressures, and that showed how the locomotive helped forward the 
marine engine, and being a lighter machine and constantly repeated the 
part could be more carefully thought out : and going back to the days of 
their childhood, the locomotive held a higher position than the marine 
engine. He rememl)ered, in 1870, a consulting engineer coming into 
Mr. ^larshairs office and saying something to this effect : *' I have 
studied the m-irine engine up to this point, and you will see it will 
develop more and more in the direction of the locomotive engine." It 
went on in the direction of a much more elalwrate boiler and much 
higher pressures, and they knew what pressures had been reached in the 
water tube boiler ; also the number of revolutions had increased, and the 
weiirht per horse-power developed had very greatly diminished. In point 
of fact, the marine engine had gone far ahead of the locomotive engine. 

Mr. J. R. FoTHERGiLL rosc more to congratulate the writer of the 
paper than to discuss its contents. Although he served his time in a 
locomotive shop, he was sorry to say that was so many years ago now 
that he was out of touch with the locomotive engine of the present 
day. So he scarcely darod venture to discuss the paper : but what the 
Institution niust feel was this *' breaking the record/' in a sense, because 
that was the tirst locomotiNO paper they had had. Although it was an 
Institution of *' Marine Knirincers and Shipbuilders," many of their 
menilHTs wore ]o«'oni«'ti\e i'uildcrs, and thoy thouiiht those members 
should be :i<sociatcd with the literature of the Institution. The payer 
seemed to him to combine most valuable and interestinir information. 
It must have taken a i:reat i;eal ^^\' workini: out t(^ arrive at the fornuihv 
iriven. It was very vlesirablv to have such a paivr fully dis'-ussed. He 
}>ersonally thanked the author for l:i^ ini:- it. 

Th'- rr.KsiniNT ihouuhi he >houltl say a liitir on the paiH*r on its 
own nurii>. It lookivl a nuwt e\iv!!ent pa]>e/— it was full of useful 
;iif'>ri!:ar!»>!:. Tirliais \[ was a \K\\h-v that was not >o t.a>y o\' v-.iscussion, 
:v.t;iH<e :: wa^ \ i. ly niuoli i»a>ril on caleulaii(Mi. a:;o. |»:v»i';»l>;y. as far as 
ili'V r--::!'! ^rr. {\w calruiat i»'n> all MM-rev'i!\ wv>!-x^-vl out limited the 
' 1 »'r:::r.:: \ !'or eriiioi^in. ^\ i;en la- the Trv^iiivM:! was youn_:". when a 
\-:::-.v (•*" li.;- kir.il canie brUuv ilu- ln>:i:i:i :v>n, \\\V. ot" !'i:"uivs, i: was 
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always the custom of the President to say he commended the study of 
the paper to the young members ; so he commended it to their study. The 
locomotive engine was the most complete, self-contained machine they 
had got. It was the only machine that goes altogether. It had both 
advantages and disadvantages that did not apply to anything else. For 
example, a good marine engine might be tossed about in the severest 
storm, and only came to hopeless grief when the ship ran upon the rocks. 
Otherwise when at sea it must be kept going for days and perhaps weeks 
without diflBculty. Now the locomotive went into the "doctor's shop" for 
twelve hours every day, and that made it live much longer than it would 
do otherwise. A point Mr. Jennings had not touched upon was this, 
they could run dimensions very fine in a locomotive boiler and fill it very 
full of tubes. If they did the same in a stationary boiler, the steam 
would hang to the under sides of the tubes and not get away freely ; 
but when shaken up in the running locomotive it got away more freely. 
He had pointed out how the locomotive engine gave the marine engine 
a lift forward, and the locomotive itself was now probably on the verge 
of improvement. Railways were breaking down on the volume of their 
traffic. They must look to a development by which they could run 
much heavier trains, and in some degree (though not so much) to 
increasing their speed, and that might require a reconsideration of the 
whole of the locomotive design. As they did that they must consider 
more and more the strains and the stresses in the most careful and 
thoughtful manner for all weight put upon the locomotive had to be 
considered in respect to the extra weight put upon the permanent way. 
In some ways the manufacture of the locomotives in England was at a 
disadvantage, as nearly all railways made their own engines. There were 
some reasons for and some against the locomotives as made and worked 
always under the eye and charge of the locomotive su})erintendent. In 
other words, the child was brought up under the parent's eye, worked 
under the parent's eye, and from the cradle to the grave, never went out 
of its parent's hands, and he naturally gave the best records of its services 
and not of its weaknesses. A parent was, perhaps, a little blind to the 
faults of his children, and the same might apply to the locomotive 
superintendent. An outside criticism as to the engineering of an 
EngUsh railway was what one never got. Compare this with the marine 
engine, where people were rather inclined to go out of their way to find 
fault. In the shipping world if anything went wrong many owners and 
officials desired to find fault with the shipbuilder or engineer, for 
natunilly, everybody was most anxious to throw the blame upon somebody 
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over mild steel. It appeared to him rather strange that they shonld 
cling to a material inferior both in elongation and tensile strength, and 
besides not so readily obtained in large quantities. On talking over 
with some friends the small bearing surfaces allowed in locomotives, he 
meant on the crossheads, crank pins, sUde bars, etc., they came to the 
conclusion that the smaller bearing surface that could be used successfully 
in the locomotive as compared with the marine engine was due to the in- 
cessant jolting of the former causing a more perfect and rapid distribu- 
tion of oil on the working parts. But no similar explanation was known 
to him for the very high stresses given in the paper. It would surprise 
most marine engineers to see that in the case of the coupling rods a 
factor of safety of 8 was all that was allowed. Perhaps a comparison 
between the histories of locomotive and of marine engines might give 
them a little light on the matter. The development of the locomotive 
since its first success had been along the line of slow and step-by-step 
improvement. No great changes had suddenly taken place, but steam 
pressures, powers, and weights had gradually risen to their present state. 
The improvements had been in the direction of strengthening weak 
points, and lightening where weight was found unnecessary, a work more 
due to the practical engineer than to the scientific experimenter and 
investigator. In marine work, on the other hand, they had changed by 
large steps from simple to compound, and compound to triple and 
qujidruple expansion, while steam pressures had risen from 10 lbs. to 
300 lbs. pitr sijuare inch. Thus j^erhaps more attention may have been 
iriven to the mechanical details of the fornuT than of the latter. He 
rc«rrcttc(l that he had not been al)le to compile the comj)arative tables 
he had intended to \mu\x forward. He tendered his thanks to Mr. 
Jennings for his vahiable jiaper, and as a member of the (iraduate 
Coinmittee it was irratifyinic to him that another of the niem]x3rs of that 
section had been found worthy to read a pajMjr before the senior section. 

The discussion was adjourned, and the meetini:: dissolved. 
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Sixteenth Session, 1899-1900. 



PROCEEDINGS. 



SECOND GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE SUNDERLAND LITERARY SOCIETY, 
SUNDERLAND, ON THURSDAY EVENING, DECEMBER 14th, 1899. 



GEORGE DOBIE WEIR, Esq., in thb Chaie. 



Owing to the absence of the President (Sir Benjamin C. Browne), 
and no member of the Council being present, the meeting appointed Mr. 
George Dobie Weir to take the chair. 

The Chairman said those present, like himself, would very much 
regret that the snow and severe weather had probably detained a great 
number of their members from coming to the meeting. He was sorry to 
have to report that their esteemed President was unable to be present on 
account of a severe cold ; and their worthy Secretary, as some of them 
might be aware, happened a very unfortunate accident about four 
weeks ago, and had been confined to his bed ever since. His son 
(Mr. Louis Duckitt), however, would act as Secretary pro tern,, and 
he would now call upon him to read the minutes of their last General 
Meeting. 

The minutes of the last General Meeting, held in Newcastle upon- 
Tyne, on November 3rd, 189t), were read, approved by the members 
present, and signed by the Chairman. 

The ballot for new members having l)een taken, the Chairman 
appointed Mr. W. Dalrymple, jun., and Mr. W. Stevenson to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 
Ik'nnett, Percy M., EU»ctrical Knjjrineer, 2, Heiiloy Street, Heatoii, Xuwciistle- 

upon-Tyne. 
("haDibers, John, E. Draughtsman, Ilk Sidney drove, Ne\vcastle-ui)on-Tyne. 
Chilton, Joseph, E. Draughtninan, 47. Mary Street, Blaydon-on-Tvne. 
Hardy, Henry Thomas, Ship Drauprhtsiuan, 10, The Retreat, Sunderhind. 



>4^hft^f^^ rmyw»4^, .'4hip»wfififKft, ^* BMiu'>pt^>n Street, T^nnderiaxuL 

;ilAnA^V«# /I^Wft M,, ^:i«'U Kn^iwwr, 2, *^ XieiiobM' BoildingSr Xewostle-apon- 

^'i»^tf*M, 4»»4^Aw AUor,, VtiffiM^PT %, V'tf^trmii Arefiae, Wlihley Bay, Northam- 

Wf^V/l. W»n»*rrt, KuyfUtf^r, t. o M^rfMrn, Wm. Beid Sl Co.. 112. Fenchurch Street, 

7hfn/<^ /^»Kr» ><ir>/'lAir, Hhip llrfin^bUman, 17, Boni^hton Street, Sunderl&nd. 
Whunf*\n. Krmni, Kuf(Utf4tr, 11, VicU/ria Terrace, Low Fell, Gateshead-on-Tyne. 

(MtADtrATKH TO MEMBERS. 
Mf(Mf'r< Pfftumu lUrry, Marino Kn^iiieer, 1, Kingsley Place, Newcaatle-upon- 

TrM««. 
MIfifiN, Aiit»n«y 11„ KuiiUiwrf, zii, Thornbill Terrace, Snnderland. 
MMliiif<r. N(t|if ttriUM. KfitfiiMtor. iJJ, Hriffbton Orove, Newcastle-upon-Tyne. 
Caiviiilitll, K A,, KtfMarlrnl KiiK'nxM^r, 19, ('rofrn h'treet, Newcastle-upon-Tyne, 
hi*, ('rtilni', M, l>mui(lit«iiiHii.7. ('Oxoti Htreut, Sunderland. 
I*mi, iloM'jili K„ Hbl|i l)rii«i)(ht«nmn, 21, Zion Terrace, Newcastle Road, Sunder- 

Uiid. 
I'U*MM«. MoImm'I (Wn, KUH^trlouI Kii^iutHT, i, Simonside Terrace, Ileaton, New- 

t»»KllU» Up4iU-TviMV 

I'iHld, Mimrifv WllUnin, Slilp Drau^littiman, 120, Bedo Burn Road, Jarrow-on- 

NV\U«»M, »l(»t»>» U(v^lut4ld. KliH^lrU'ttl Kn^uieer, Lyndhurst, Gosfortli, Newcastle- 
U|i(i|| '{\\\\y 

ASSOCMATKS. 

IS^iKiM, IUhm^v. Vi'AHuiiitant, i7, Ji>hu Stnn^t, Sunderland. 

■r\»sN\'i*. Muhml i* , Anciu^jo AdjuHttM, ("IcmcnthoriH*, North Shields. 

Wvllvi, WtHiHin, Sl/nn.\viur. 17. la»vAiuo Torraoo. North Shields. 

(JKVDrATKS. 

MKm .I..)ih V' . Vpi'uniivr Kn^'iiuvr. U, North "IVrrHCi". Nonotistlo-ii{»»Mi-Tyi.e. 
l'»\.Mi l.liii Ih.Mii.i^. K. l»iaMjk;htMii.ni. :i7, MfUloa IVrnKV. lU'aton. Newcastle- 

Uv'ik K»liii N. Kii^fivii !v». UhnIv'I IVrrrtoo. Now ca>tlo-up«ui-Tviie. 
IL*IU\. l;4l';i K ! 'j«i i;;Iii>m.iM. ['K ImIIv- iln.\i« rcrrHov. N\'wcastIo-up>n-Tyne. 
Kv. H t.^ii NN 4*i\n K!t>;itiioi. S*<. Mii.M- M 'ii-io Koiivl. Josmoml, NewcuiJtIe- 
"I »^'- 
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ADJOURNED DISCUSSION ON MR. F. W. JENNINGS'S 
PAPER ON "THE WORKING STRESS OF MATERIALS 
USED IN BRITISH LOCOMOTIVE CONSTRUCTION." 

Mr. George M. Brown said their thanks were due to Mr. Jennings 
for a most interesting and valuable paper, after reading which he 
thought they would be compelled to admit that the accurate calculation 
of the actual working stresses in many of the parts of a steam engine 
was a very difficult matter. 

He would like to point out the very high values of the stresses Mr. 
Jennings had obtained in some cases, e.g., in the coupling rod of a four- 
wheel coupled engine making 850 revolutions per minute, the stress 
due to centrifugal force alone was over 18,000 lbs. per square inch. For 
the purpose of calculating stresses in coupling and connecting rods a 
standard speed of 850 revolutions per minute had been taken. Was this 
justifiable. Would it not have been better to take the maximum number 
of I evolutions each engine was likely to make under actual working 
conditions, and not an arbitrary number which might either be greater 
or smaller than the proper number ? This was an important matter, for 
if the assumed number of revolutions was too high, the values obtained 
for the stresses due to centrifugal force would also be too high. The 
stresses Mr. Jennings obtained were very much higher than they were 
accustomed to in the designing of marine engines, and some information 
as to the life of rods subjected to these high stresses would be most 
interesting. 

There was one thing he could not help regretting about Mr. 
Jennings's paper. He had worked out the stresses due to different 
causes separately, and in the case of coupling and connecting rods had 
apparently made no attempt to find the resultant stress, which he (Mr. 
Brown) thought a most important matter. For instance, looking at the 
second example given in the table for coupling rods of four-wheel 
coupled engines, they found the rods subjected to a stress of 18,380 lbs. 
per Sfjuare inch due to the centrifugal force alone Then to that he 
supposed they had to add to the 2,56n lbs. per square inch due to 
direct tension or compression. But even if they did add to the stress 
due to centrifugal force that due to direct tension or compression they 
would not get the true stress for this reason. (See Fig. ] , Plate I.) 
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The coupling rod was bent by the transverse force required to give it 
its proper acceleration, and it was also bent by the action of the 
longitudinal force which it transmitted from one wheel to the other. It 
evidently would not do to find the stress produced by the bending due to 
centrifugal force only, for by so doing they neglected the bending due to 
the longitudinal force. 

In the case of a rod of uniform sectional area, let 
21 = Length of rod, 
r = Length of crank, 
tv = Angular velocity of crank, 
m = Mass of unit length of the rod. 

1/ = Deflection at a distance x from the middle point of the rod. 
Then the total bending moment at any part of the rod (Fig. 1, 
Plate I.). 

= Ly + ^ mwh(l^ - a-2) = - EI ?f , 
2 oar 

E being the modulus of elasticity and I the moment of inertia of the 

section. The solution of this equation was easily obtained, and from it 

they found that _ 

If the depth of the rod were h and its sectional area A, the maximum 

stress would be 

AM ^ h 
2l +a' 

the part of it due to bending alone being -^,- This result differed 

slii^htly from that given by Mr. Jennings. In fact, if in the expression 
for ^I, L was made very small they got results identical with those of 
Mr. Jenninf^s. Taking the second example of the coupling rods for 
four-wheeled coupled engines, and assuming L, the longitudinal load 
on the rod to be 23,520 11)S., he (Mr. Brown) found that the stress 

due to bending alone, viz., - wfn^ 19,470 lbs. per square inch instead 

of 18,390, the increase of 1,090 lbs. being due to the action of the 
longitudinal load. 

When the rods were not of uniform section it was no longer j)ossible 
to ohtaiu simple expressions for the bending mouKMit and stress at any 
]K)int of the rod. Even if such expressions were obtained they would 
most probably i)e too complicated for practical use. In (.'ases of this 
sort an a])i)roximate solution of the question could be obtained by 
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graphical methods. The method given by Mr. Jennings whs 
approximate, and could only be applied to rods of uniform section. 

In view of recent events, the next question discussed by Mr. Jennings 
was most interesting, especially to those engaged in marine work. The 
question was this: Where and what was the maximum stress in the 
connecting rod of a high speed engine ? He could not accept the method 
adopted by Mr. Jennings, who seemed to assume that each element of 
the rod described the same path as the middle one. Moreover, although 
none of the rods mentioned were of uniform section, Mr. Jennings took 
the load due to centrifugal force as being uniformly distributed along the 
rod. It seemed to him that each element of the rod moved with a 
different acceleration. If r, /, 0, were the lengths of the crank and 
connecting rod and the angles they made with the centre line of the 
engine, they had the well-known fornnihe for the acceleration of the 
piston and the angular acceleration of the connecting rod :-- 



i/ z= ^ rw' fcos 8 4- 



fi^ cos 20 + sin ^0- 
(n2 -sin 2^)3" . 



;. o (;i2_ i)8in6> 

where m = angular velocity of crank and - = w (Fig. 2, Plate I.). 

Thus at a distance x from the gudgeon the element of the rod had 
an acceleration ^^- ^.^ ^ 

normal to the rod, and 

— // cos — £0'^ 

along the rod. If m was the mass of unit length of the rod at the 
distance x from the gudgeon, the intensity of the transverse load there 
was tn (/0 -f // sin 0), and by calculating the value of this expression at 
different points of the rod a load curve could be drawn, from which, by 
well-known graphic methods they might deduce the curve of bending 
moment M, due to transverse forces alone. P'roni this a curve could be 

constructed to show the value of p^ at every point of the rod. By 

treating this intfche same manner as they treated the curve of transverse 
load they would obtain a curve showing the deflec^tion prwluced by the 
transverse load alone. In the cases generally dealt with the deflection 
(y) at any point would be small. From the curve showing // another 
showing the value of the bending moment due to the axial load (F). 
Then the total liending moment at any point would be 

M + Fy 
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approximately, for in finding y they had neglected the effect of the axial 
load F. In general this first approximation would, he thought, be 
sufficiently accurate. Then, if they drew curves showing the values of 

^ (M + Yy\ 

F 
the stress due to bending and of r, the stress due to direct tension or 

compression and added the ordinates they would obtain a new curve 
giving the maximum stress at all sections of the rod. It was evident 
that the result of this process would differ from that employed by Mr. 
Jennings. The same method could, of course, be used in the case of 
coupling rods which were not of uniform section. Owing to the longi- 
tudinal acceleration F was not constant along the axis of the rod, but by 
slightly modifying the above method that could also be taken into 
account. 

He did not agree with Mr. Jennings that the stresses on the crank 
pins of inside cylinder engines were infinitesimal. In the simple case 
shown in the sketch the twisting moment on the body of the shaft 

was P/', P being the pressure on each crank, r the length of the 
cranks, 2/* the radius of the wheels, the centres of the cylinders, and 
a the distance between centres of bearings (Fig. 3, Plate I.). But the 
twisting moment on each pin was also IV. He thought that the 

stresses in tlie pins would be just as severe, if not more so, than those 
occurrin«; in the body of the shaft. 

The Chairman, closing the discussion, said the formuhe and the 
graphic method ^Ir. Brown gave for arriving at the strength of connect- 
ing rods, came at a very opportune time. They would rememl)ei some 
few weeks ago there was considerable discussion in the engineering 
papers rehitive to the l)reaking of a connecting rod in one of the torpedo 
destroyers, where several men were killed. When they got the formula) 
printed in the Tninsarlinna it would l)e interesting t^ their younger 
members especially to find the strains set up in the connecting rod that 
broke by the methods indicated in Mr. Brown's remarks. 

Mr. W. J. .lennings's reply was deferi'ed till the next meeting. 
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SCEEW FANS. 



By CHARLES II. INNES, M.A. 



[Rbad befouk the Institution, in Sundebland, on Deckmbek 14tu, 1899. j 



It is a well-known fact that the mechanical efficiency of centrifugal 
fans is generally higher than that of screw or axial flow fans, but where 
space is limited, and a large volume of air is required at a low pressure, 
the latter are preferred to the former in spite of this defect. In most 
screw fans known to the author designed in this country, the fan is a 
modification of a propeller, having three or more blades, and working in 
a circular space through which the air passes. 1 n his paper on " Centri- 
fugal Fans," the writer showed that the twisting moment on the shaft in 
foot-pounds is equal to the change of the moment of momentum of the 
air passing through the fan per second. If, then, the air approaches the 
fan in an axial direction, as is usually the case, there is no moment of 
momentum, and if any work is done by the shaft the air must leave with 
some tangential velocity in order to produce moment of momentum. If 
the air, after leaving the Ian, continues to flow in a passage parallel to its 
axis, all this tangential velocity will mean so much kinetic energy, and 
therefore work thrown away, and the etKciency of the fan will be lower 
than it would be if this were saved. Tbe writer has seen a fan in which 
the blades at discharge would touch a plane passing through the axis, 
and which corresponded to what are called Raukine vanes in a centrifugal 
fan, so that the tangential velocity of the air at any point on discharge 
from the fan was eciual to the velocity of that i)oint of the vane from 
which it was discharged, a manifest al surdity. It api)ears to the writer 
that there are only two methods of obtaining a reasonable efficiency, and 
also the necessary change of the moment of the momentum of the air. 
The first is by using guide vanes similar to those of a turbine, which give 
moment of momentum in the direction opposite to that of rotation, so 
that change of moment of momentum is obtained by reducing it to zero, 
and discharging the air axially from the fan with only so much velocity 
as is required to carry it through the passages it has to ventilate, which 
loBB of energy is, of course, unavoidable. The second method is to use 
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a spiral discharge chamber or volute, having a suitable section similar to 
that of a centrifugal fan, and in this the velocity of the air may be 
reduced to a suitable amount. The first method may be modified by the 
use of a spiral chamber, through which the air flows to the fan. These 
methods are adopted in the screw fans designed by Prof. Rateau, of the 
ficole des Mines, St. Etienne. Fig. 1 (Plate II.) shows the wheel whose 
vanes are formed of steel plate fixed to the rim of a slightly conical 
wheel of cast iron or bronze, by means of angle irons, or by embedding 
them into the rim. 

A radial section of the rim of one of these wheels is shown in the upper 
view Fig. 2 (Plate II.), and a developed cylindrical section through the 
centre of the vanes in the lower. In this latter view A is the wheel, and 
the direction of motion is upwards. The air enters from the right, 
passes through the guide passages mm, and is given therein a motion 
which is partially axial, and partially opposite to the direction of 
rotation. The vanes of the wheel then receive it without suddenly 
changing its direction, the angle at a being calculated by the parallelo- 
gram of velocities with this object, and at />, the point of discharge, the 
angle is so designed that the discharge is wholly axial. The chamber 
D has its inner side slightly conical in order to reduce the velocity of 
the air by increasing the section of discharge. A general view of one 
of these fans, seen from the guide passage end, is shown in Fig. 6 
(Plate II.). 

The alternative method is shown in Figs. 4 and 5 (Plate II.) in 
elevation and ])lan ; the spiral admission chamber gives the entering air 
velocity in tlie direction opposite to that of rotation, and after leaving 
the fan with velocity, wholly axial, the air is discharged throu^^h a 
passajre whose section is increased by making its inner surface the 
frnstnim of a cone. The third method is shown in Fig. G (Plate II.) 
and needs little explanation: here the air enters parallel to the axis, 
and the vanes are inclined so as to receive it without shock. The 
chan,ire of the moment of the momentum is etTected by giving the air 
forwaiil tangential motion at discharge, and a volute is provided to 
reduce this and convert its kinetic into pressure energy. 

A moditicalion of the third method is shown in Fiii'. 7 (^1 late II.). 
Here the iiir enters from the left, there are no iruide vanes so that the air 
must he (lischar^j-ed in a forward direction from the fan. it then enters a 
(litTuser whose inner surface is cvjindric, hut \vh >se outer is a t'rustruni of 
a cone, and these two are connected by vanes which chanire the forward 
motion of the air to an axial direction, so that the lireater part of its 
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kinetic energy is converted to pressure. A tost, of a ventilator of this 
type is given in Table I. Fans of this type are largely used on the 
Continent for the ventilation of buildings, theatres, ships, tunnels, etc. 

Taulb I. — Test of an Axial Fan. (ExxaKME Diamktkk of Yanks 4 69 Fekt.) 
Number of rcvoIntioiiB jwr 



minute 526 

Water gauge in inches ... ISl- 



545 I 535 
1-61 I 1-53 



Kilowatts of motor 107 90 9*65 

Discbarge in cubic feet j)er j 

second . 137 , 215 

Foot-pounds of work by fan ' ' 

per second I 1 1,156, 1,705 

Mechanical elHciency of fan , ; , 

and motor I ' 16 ; '24 

I I I 

...; -26 -21 -205 

... 1-185; -30 j 



Manometric ])ower 
Volumetric jwwer 



532 552 556 I 556 j 56-1. j 573 
1-53 1-53 1 1-53 l-3i| 1-29 1-22 



y 85 1 101 tlOO : 1)5 t 0-6 9 9 

I . ■ i 

38(J I 39(» i 452 \ 474 551^ 



I 



206 
2.390 
•32 
•21 
•42 



3,030 3.170, 3,180 



•41 
•10 
•52 



•43 I -45 

•19 ! 18 

•53 . 61 

i 



3,180 3,461| 
-15 , ^47 I 
•155 : ^14 I 

•62 I -71 

I 



DISCUSSION. 

Mr. F. W. Jennings said when he first saw the announcement in 
tlie circular that Mr. Innes was to read a paper on ** Screw Fans'* he 
thought they were goinfr to receive a valuable addition to their know- 
]ed^Q of ])ropeller fans. He was somewhat disappointed when he saw 
that this type of fan was scarcely mentioned, and that he dealt solely 
with types of fans very little used in this country. If, however, he 
could find time to make a comparison between them, it would, he wjis 
sure, prove valuable to the members of the Institution. He would more 
particularly 8uji:ge8t a few particulars of the well-known Blackman fan. 
If he could obtain information as to their etficiency they would be able 
to make a very good comparison. At the end of his paper Mr. Innes 
gave the results of some tests of an axial fan, but they had no informa- 
tion as to the conditions under which these tests were made. Were 
they made in a laboratory with a specially constructed fan and motor, or 
were they made under ordinary workinir conditions ? In any (-ase the 
mechanical etficiency was very high, certainly much sujierior to any n.'snlts 
obtained from propeller fans of the ordinary ty]»e. He had not calculated 
it, but he presumed that in this mochtinical ctliciency the friction of t,h,^ 
piotor was included. It would be interesting to have the elllciencv with 
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.,.,... J ^, . . , horse-power in air discharged „ 

this elimmatea, that was simply , , , - - — » . He 

brake horse-power 

would be much obliged to Mr. Innes if he would inform him how the 
amount of work done bj the fan was calculated, also how the manometric 
power was obtained. They were unfortunately not all so well versed in 
the theory of fans as he was, and this would, he was sure, be of assistance 
to many of them. He thought it would be an advantage if the volu- 
metric efficiency was given in the table. In the case of ventilating 
fans \md for exhausting comparatively large quantities of air from a 
building, the volumetric efficiency was as important as the mechanical 
efficiency, and more important than the manometric power. Most of 
this type of fan had a free discharge when the volumetric efficiency was 
at a maximum. He must thank Mr. Innes for his pf^r. He had put 
a lot of valuable information in a very compact form. 

The discoflsion was adjonmed, and the meeting dissolved* 
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NORTH-EAST COAST INSTITUTION OF ENGINEEES 
AND SHIPBUILDERS. 



Sixteenth Session, 1809-1900. 



PROCEEDINGS 



THIRD GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY. NEWCASTLE-UPON-TYNE, ON FRIDAY EVENING, 
JANUARY 19TII, 1900. 



Sir benjamin CHAPMAN BROWNE, D.C.L., J.P., President, in the Chaib. 



The Secretary read the minutes of the last General Meeting, held 
in Sunderland, on December 14th, 1899, which were approved hj the 
members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Mr. R. H. Muir and Mr. J. C. Stirzaker to examine the 
voting papers, and the following gentlemen were declared elected :— 

MEMBERS. 
Allan, John, Ship Surveyor, c/o >Icssrs. Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastlf-npon-Tync. 
Dressier, Gustav, Engineer, Angolburger Stra*;se 5 K Flensbnrg, Bremen. 
Fanniner, A. E., Surveyor, c/o Messrs. Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastle-upon-Tyne. 
Harbottle, Thomas, Marine Engineer, 5, Alexandra Terrace, Newcastle-upon-Tyne. 
Jnbb, Arthur, Engineer Draughtsman, 29, Coldwell Terrace, Felling-on-Tyne. 
Wawn, Tom Noel, Surveyor, c/o Messrs. Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastle-upon-Tyne. 

GRADUATE TO MEMBER. 
Pescod, Joseph Hind, Ship Draughtsinun, 1, Railway Street, Jarrow-on-Tyne. 

GRADU.VrE.^. 
Nelson, (reorc^e. Engineer Draughtsman. 03. Stratford Road, Ileaton, Newcastle- 
upon-Tyne. 
Scott, George, Engineer Draughtsman, 36, Be<le Burn Road, Jarrow-on-Tyne. 
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ABANDONMENT OF THE ANNUAL DINNEK. 

The Prksident announced that after careful consideration the 
Dinner Committee recommended, and the Council accepted the view, 
that it would l)e well this year, owing to the trouble and war in South 
Africa, to postpone the Institution Dinner. Of course, as they were 
aware, a very great number of festive gatherings were being postponed 
on account of its being more in unison with the general feeling of the 
community. This was the decision of the Council, and he hoped it met 
with their approval. 



FIFTEENTH SESSION AWARDS. 

The Pbesipbst announced that the Engineering Medal of the 
Institution for the last session had been awarded to Mr. Tom 
Westgarth for his paper on " Works' Organisation." Mr. Westgarth 
wrote to the Secretary stating that urgent business engagements wonld 
probably make it impossible for him to be at the meeting and receive the 
award of the Council. He was no: sure whether the medal came from 
the Council or the members of the Institution, but whoever were the 
donors he wished to express to them his appreciation of the honour done 
to him. 



GRADUATES' AWARDS. 

The following awards in the Graduates' Section were intimated : — 
The sum of £4 to Mr. F. W. G. Snook for his paper on " Lubrication." 
The sum of £3 lis. to Mr. Talbot Duckitt for his paper on ''The 
Design and Equipment of Electrical Power Plant for Collieries.'* 

The above amounts have to be spent on books, instruments, or 
articles which may be of sen'ice to the recipients. 



Mr. F. W. Jennings replied to the discussion on his paper on " The 
Working Stress of Materials used in British Locomotive Construction." 

The adjourned discussion on Mr. C. H. Innes's paper on "Screw 
Fans '' was resumed and closed. 

Prof. R. L. Weighton read a paper on " Receiver Drop in Multiple 
Expansion Engines." 
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MR. F. W. JENNINGS'S REPLY TO THE DISCUSSION ON 
HIS PAPER ON "THE WORKING STRESS OF MATERIALS 
USED IN BRITISH LOCOMOTIVE CONSTRUCTION." 

Mr. F. W. J ENNINQS, in replying to the discussion on his paper, said 
he must thank the President for his favourable remarks on the paper. 
He had pointed out that whilst at one time the locomotive was held up 
as an example to marine engineers, it had now been left considerably 
behind. He (Mr. Jennings) could only hope that locomotive engineers 
would bestir themselves, and try to reduce this gap. The President also 
spoke of the difference in eflficiency of a locomotive boiler when running and 
stationary. He (Mr. Jennings) might say that when fixed for stationary 
work the average locomotive boiler would burn from 25 lbs. to 30 lbs of 
coal per square foot of grate per hour, whilst when running it would 
burn from 60 lbs. to 100 lbs. The President stated that the locomotive 
was now probably on the verge of improvement owing to the greatly 
increased traffic. He (Mr. Jennings) was of opinion that the limit iii 
size of the ordinary inside cylinder engine had now been reached, and 
that for the next development they would have to look to the outside 
cylinder engine. A careful study of American design would, he thought, 
repay any British locomotive engineer at the present time. 

Mr. Fothergill spoke of the Institution as being composed of marine 
engineers and shipbuilders. The word " marine " did not appear in the 
official title of the Institution, and he (Mr. Jennings) was afraid that 
many of the electrical, not to speak of the locomotive engineering 
members would object to this. He sincerely thanked Mr. Fothergi'l 
for the flattering manner in which he had spoken of his paper. 

As requested by Mr. A. E. Doxford, he had obtained the following 
information re the chemical analysis of the steel used in locomotive work. 
The North Eastern Railway Company specify for crucible steel piston 
rods and motion bars, and for Siemens steel forgings such as connecting 
rods, coupling rods, etc., that the analysis must show not more than -1 per 
cent, silicon and 05 per cent, phosphorus and sulphur. For engine and 
tender straight axles, not more than '2 per cent, silicon and '0') per cent, 
phosphorus and sulphur. For crank axles, not more than * 1 5 per cent. 
silicon, '05 per cent, phosphorus and sulphur, and not less than •:> per 
cent, carbon. For tyres, not more than 2 per cent, silicon and '05 per 
cent, phosphorus and sulphur ; carbon to be not less than '5 per cent. 
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The chemical analysis specified for the work done under Sir A. M. 
Renders supervision was afi follows : — For all steel forgings, including 
axles, connecting rods, etc. : Carbon, '25 i^er cent, to '32 per cent., and 
not more than '035 per cent, phosphorus, 1*0 per cent, manganese, and 
•2 per cent, silicon. For tyres : Carbon, '65 per cent, to '65 per cent., 
and not more than '035 per cent, phosphorus, 1 per cent, manganese, 
and '85 per cent, silicon. For springs: Carbou, -45 per cent, to '8 per 
cent., and not more than -036 per cent, each of phosphorus and sulphur, 
•8 per cent, manganese and '12 per cent, silicon. 

Messrs. John Brown & Co. recommend the following for piston rods, 
slide bars, and crossheads : — Carbon, -33 to '88 per cent. ; silicon, -08 
to '20 per cent. ; sulphur and phosphorus not to exceed '03 per cent. ; 
manganese, '4 to '6 per cent. For crank axles, the carbon should be 
rather lower. He must thank the firms mentioned for giving him this 
information, which he trusted would be what Mr. Doxford required. 

In reply to Mr. Griffiths, he might say that a test piece 2 inches long 
of one-half square inch sectional area (i".«., -798 inches diameter) might 
almost be looked upon as the standard for steel used in locomotive work, 
both in England and America. The North Eastern Railway was one of 
the exceptions, their test pieces being 4 inches long. With regard to 
American practice, he thought that, on the whole, the materials used 
were slightly inferior to those used in British work, and the stresses 
allowed a little lower. 

The following were the stresses recommended by Mr. F. J. Cole in 
a series of articles on American locomotive design, which appeared 
originally in the American Engimer and afterwards in the Mechanical 
World :— 

Piston Rods. — These are made of steel, having a tensile strength of 
from 75,000 lbs. to 80,000 lbs., or of iron with a tensile strength of 
about .02,000 lbs. The stress through key way or at bottom of thread 
should not exceed 9,000 lbs. per square inch for steel, or 8,000 lbs. for 
iron rods. For the shearing stress on key, from 15,000 lbs. to 17,000 
lbs. is recommended, the steel having a tensile strens^th of from 75,000 
lbs. to 85,000 lbs., with an elongation of from 18 to 20 per cent. 

C(n//fli}if/ or Parallel Pods. — Thcst.' are generally made of steel, having 
a tensile stren.<:tli of from 70,Ono lbs. to 80,0O0 lbs., the I section being 
alnio>t universal in modern engines. The followinL'" are the stresses 
nconmirnded : — Tensile stress. 5,0O0 lbs. steel, -1,000 Ihs. iron: stress 
ihw. Lo centrifugal force, ll,ooo lbs. steel, 9,oO(> lbs. iron: factor of 
safetv fur bucklinu: to be at least .'>. 
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ConnMing or Main i2f?^/.<.— Material used is similar to that for 
coupling rods, the Z section being practically universal. Tensile 
stresses of 8,000 lbs. for steel and 7,000 lbs. for iron may be allowed. 
Factor of safety for buckling to be about 3. 

Crank Pins. — These are made of steel, having a tensile strength of 
about 80,000 lbs., with elongation from 18 to 20 per cent, on 2 inches, 
the phosphorus not exceeding '05 per cent., or of iron having a tensile 
strength of about 60,000 lbs. The stress for steel should not exceed 
14,000 lbs, and for iron 12,000 lbs. 

Slide Bars or Guides. — Mr. Cole does not deal with these in his 
articles, but on examination of a large number of plates of American 
locomotives, he found that the majority are of steel or wrought iron, the 
stresses being about the same as in English practice. A much larger 
proportion of cast iron bars are used than in this country. 

Driving Axles.— i£\iQ%Q are made of either hammered iron or steel, 
the latter assumed to be first-class open-hearth steel of not less than 
80,000 lbs. tensile stress, with elongation of not less than 18 per cent, on 
2 inches. Phosphorus not to be above '05 per cent. The following are 
the stresses recommended : — 

8 Wheel coupled 

6 ,, 

4 

Crank axles are never used in America, the whole of the engines having 
outside cylinders. 

He was sorry that Mr. Niehol had not had time to make his comparison 
between marine and locomotive practice more complete. He was afraid, 
however, that it was almost impossible to make a fair comparison between 
mercantile marine engine practice and locomotive, owning to the conditions 
of working being so entirely different; but, as pointed out by the President, 
a very fair comparison might Ijc made Ijetween torpedo-boat destroyer 
work and locomotive. With regard to the use of Yorkshii-e iron instead of 
steel, he believed this was chiefly chosen on account of its greater ductility, 
rendering it suitable for parts subject to severe shocks. Another reason 
was, that it was more easily worked. Several of the smaller works had not 
facilities for machining such parts as connecting and coupling rods in one 
piece, consequently the ends were machined separately, and afterwards 
welded to the centre. Mr. Nicliol's short com]>aris()n of the devclojuiRni 
of the locomotive and marine engine was prohahiy (juiLc correct ; l.ut he 
was afraid that the fact of the develoj)ment of the formt^r being due to 
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7,500 lbs. 


8,500 lbs. 


8.500 „ 


9,500 „ 


10,500 „ 


. 13,000 „ 
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the purely practical engineer was scarcely an unmixed blessing, and, as 
suggested at the beginning of his paper, it would assist those engaged 
in locomotive designing considerably if scientific men could be induced 
to devote a little more attention to it. He was sorry to say that Mr. 
Nichol was not correct in describing him as a Graduate, as, although 
taking a great interest in that section and attending many of their 
meetings, he was not a bona-fids member of the section. 

He must thank Mr. Brown for his exceedingly interesting and 
valuable remarks. He was afraid, however, that the formulae given by 
him were too intricate to be much used in actual practice. When a 
locomotive draughtsman was given a coupling rod, connecting rod, or 
crank axle to design, he was generally told that it had to be out in the 
shops by to-morrow, or something of that description, and was not given 
sufficient time to go into the matter as thoroughly as he might like. 

He had endeavoured to keep his paper as practical as possible, and 
had used formulic which he had often used in actual practice, and which 
he thought were quite near enough for all practical purposes, although 
the stresses obtained might not be exactly theoretically correct. For 
the purposes of comparison he was obliged to fix some definite number of 
revolutions \^r minute when (calculating the centrifugal forces, arid 850 
was the fairest he could think of. If he had, as suggested, taken the 
maximum num])er of revolutions each engine was likely to make, it 
would have made his ])apcr wonuiwhat confusing. It should also be borne 
in mind that locomotivc^s often had to do diflferent work to that for 
which they wore (h'sigiUMl. I^'or instance, a six-wheel coupled goods 
enuine, havinir comparatively suiall wheels, occasionally had to work 
passenger trains, when tin; :'.')() ii^volutions would probably be reached, 
altlionirh il would not. \v so win-n "ioods trains were being worked. It 
would i>e a very dillicnlt. matter t.(» ^"et c >rrect resultant stresses on 
cou]»ling rods, as suirirest.ed l»y Mr. Urown. The high stresses due to the 
centrifugal forre wow. only renclird for short periods, probably when 
iTi^ini: down hill, when t.lie stn'MH"-,-', due lo (lie push or pull of the piston 
woii'.d he ]>raetie:dly ////. Tlu'ir rciiniiiied tlu' stresses due to acceleration, 
' ..: ;o i:ik< these into consich-riiiion would render ihe calculations very 
. :..j..;.'..:e 1, \\liil>l niakin". Ill 1 1*' dillrrenee in the linal result, so that, on 
::. \\":..>".-. , lie ih(Hii:hi In- \\{i^ <|iiil<' jiislilied in iixnoring the resultants 
'. : .'. V ;iS'. of ei):;|>hnL: icmIn. AIiIkui;' ji they wire siihjeet to such hiirh 
-: -- >. e.v.]i.::n_: imU \cr\ ^<l(l<Mn l.roke. In the majority of cases 
•■•;i' i.vx.i n!u \itl. i 111 laMcd :l^ Kmil: as any other part of the 
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The fonuula) given by ^Ir. Brown for the acceleration of the piston 
and the anguhir acceleration of the connecting rod were not much used in 
l)ractice. He personally did not consider them nee pessary. He ventured 
to say that if the stresses were calculated in the manner described in 
the paper, and the figures recommended were not exceeded the rods 
would be perfectly safe. In reference to the last item mentioned by 
Mr. Brown, viz., the crank pins for inside cylinder engines, he must 
apologise for the wording of the paper. He did not refer to the crank 
pins on the crank axle, which in locomotive works were generally known 
as connecting rod journals, but to the coupling rod crank pins fixed in 
the wheels, and he thought Mr. Brown would agree with him that the 
stresses on these were infinitesimal. 

In conclusion, he must express his gratification at the excellent 
discussion which had taken place on this, the first locomotive paper read 
before the Institution, and trusted that it would not be long l)efore they 
had another dealing with the same subject. 

The President said it was his most pleasing duty to propose a 
cordial vote of thanks to Mr. Jennings for his paper. It was most 
instructive, most interesting, and showed a great amount of care on his 
part. 

The vote was accorded by acclamation. 
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ADJOURNED DISCUSSION ON MR. C. H. INNES'S PAPER 
ON "SCREW FANS." 

Prof. H. Louis, of the Durham College of Science, resuming (by 
invitation) the discussion on " Screw Fans," said it was an interesting 
subject to mining engineers, particularly at the present moment. He 
would like to remind the meeting, although Mr. Tnnos had not 
mentioned the fact, that screw fans had, within the last few years, 
been used in this country for mine ventilators. They had excellent 
examples in tliis district. There was an exceedingly good one at the 
Stella Colliery close by, and there was also one at Messrs. Cookson's 
Lead Works. Both of these were working in connection with the 
Parsons turbine motor. The good results thus got caused him to 
query the first statement in the pajjer, namely, that the mechanical 
efficiency of centrifugal fans was higher than of axial fans. He would 
like to ask Mr. Innes what proof he had of that statement. He himself 
had had no opportunity of testing screw fans as compared with radial 
fans, but he had been informed by those who had that the mechanical 
efficiency of the screw fan could be brought up to be as good as that of the 
radial fan. He was quite inclined to believe that, because the careful tests 
made by the North of England Institute of Mining and Mechanical 
Engineers had shown that there was not very much to choose between the 
efficiencies of the different forms of radial ventilatoi-s as such. It had 
been found that the difference between the fan at one colliery and at 
another had far more to do with the engine driving it than with the 
construction of the fan itself. Moreover, the Mortier diametral fan had 
been compared with various forms of radial fans and had been found to 
be about equal to these in efficiency. The particular type of screw fan 
which was most largely adopted in this country was not referred to in 
the paper before them, which dealt solely with various French designs. 
Unfortunately, the only table of tests given in the pa]>er referred only to 
one fan, and they were told practically nothing about the conditions of 
the trial. It would be very interesting to know how the fan was 
arranged as regards the areas of intake and discharge. It had been 
found in the axial flow fan that the careful disposition of these areas 
contributed materially to the efficiency of the fan. He would like to 
know if. special care had been devoted to that point in this ])articular 
case. Mr. Innes made a good deal of the fact of an axial flow being 



56 DISCUSSION— SCREW FANS. 

obtained in these fans, so that the direction of the air current was not 
changed, and he put that forward as an advantage in comparison with 
the radial flow fan. For mining purposes that was rather a secondary 
matter, for it was very difficult, indeed, to arrange the axial flow fan so 
as to discharge without changing the direction of the air current. That 
could only be done by arranging the fan horizontally above the shaft 
mouth, which involved serious mechanical difficulties. If one had to 
turn the fan into its usual position and make it discharge horizontally, 
it would be found that other difficulties were encountered, notably as 
regards the action of the wind. In both types of fan it was almost 
impossible to avoid deflecting the air current twice at right angles in 
mine ventilation. He hoped Mr. Innes could give them a good deal 
more information than was contained in the table on page 45, of the 
test of the axial fan. One would like to know what type of fan it 
was, and how the tests were carried out. Finally, he would like to 
appeal to Mr. Innes to keep to the custom of using the English 
words " volumetric efficiency " and " mechanical efficiency " as more cor- 
rect than the word " power," which was, of course, a literal translation 
from the French, but scarcely satisfactory in English. 

Mr. Innes said, in reply to Mr. Jennings, that the test of the Rateau 

screw fan was made in the following manner : — The fan, which was 4*69 

feet diameter, discharged into a long tube of 5 -57 feet, closed at the 

farther end by a steel plate in which there was a square orifice whose 

area was varied, the discharge being calculated from the pressure in the 

tube and the section of the orifice, a coefficient of contraction varying 

between '65 and "70 being used, according to the section of the orifice. 

The formula for calculating the discharge per second in cubic metres 

being 

,. 4 /. IT V /2 X 9*81 X h X density of water 
Q = r A J2 ^H = r A J _^^_-^_^^_._ __., 

where Q = cubic metres of air })er second, 
A = area of section in sijuare metres, 
r = the coefficient of contraction, 
H = pressure of air in metres of air, 
(/ = i)'81 in metric units, 
// = water iran.Lre in niillinietres. 
Till' wi)rk (lone by a fan could be calcnlaLed in ft. -lbs. ])(jr second by 
multiplying the cubic feet per second by the ])ressure j.er s<|uai'i' foot 
iriven by the manometer, the foi'niula beinjj: 
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Ft.-lbs. per second = — -^ (1) 

Where h = water gauge in inches 
and Q = cubic feet per second, 
and 62*5 = weight of 1 cubic feet of water. 
In horse-power this would be — 

02-5 //Q 

^•^- - r2~x 550 ^^''^ 

Another method of calculating the useful work done directly from 
the velocity of the air when the water gauge was very small, and when by 
a gradually expanding mouthpiece they could discharge the air with a 
very low velocity, so that but little kinetic energy was lost, was the follow- 
ing, which he had taken from a paper on propeller ventilating fans by 
Mr. W. G. Walker, M.I.M.E., read at a meeting of the Institution of 
Mechanical Engineers, on November 3rd, 1897, to which paper the 
writer referred anyone who wished to get a thorough knowledge of the 
subject : — 

Work done per second in ft.-lbs. 

2// 04-4 T ^ ^ 

where Q = cubic feet of air per second, 

V = velocity of air direct from fan in feet per second, 
B = barometer height in inches of mercury, 
T = F -h 4G1, where F = degrees Fahrenheit. 
This expressed in horse-power would be — 

H.P. = ^- X •0000:^75(5 (3) 

Strictly speaking, V^ should stand for the difference of the s(inares of 
the velocities of the air discharged from the fan itself and at the end of 
the gradually expanding mouthpiece. The efficiency in the case of 
the Bateau fan, including the motor friction and a list of volumetric 
efficiencies, had been calculated, from which it would be seen that the 
volumetric efficiency was as high as 71 per cent, at the normal speed, and 
at the test in which the greatest (juantity of air was discharged, and at 
which the section of the square orifice was greatest. It was in this case 
one square metre or 10' 7 5 square feet. 

Manometric power or efficiency was csilculated from the formula 
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where Ci = peripheral speed in feet or metres per second, 
H = head of air in feet or metres, 
g = 82-2 for British units, or 9*81 per C.6.S. units. 
It need hardly be said that both units gave the same results. 
Volumetric power or efficiency is measured by the formula 

Q 

where Q = cubic feet or metres per second, 
and r = external radius in feet or metres. 

In the opinion of the writer this latter formula, although fairly well 
suitable for propeller fans, was not so for centrifugal ; because it neglected 
the breadth of the wheel at discharge. The test of the Bateau fan was 
made in the workshop in the presence of an inspector of the French 
navy. 

With one exception the writer had been unable to obtain from the 
makers of propeller fans any information of a character that could be 
introduced into his paper. The subject had been thoroughly thrashed 
out by Mr. Walker in the paper to which he had already referred, and 
the object of the writer was to describe the Bateau types and not the 
English. Table A (page 61) had been taken from Mr. Walker's paper. In 
these experiments the blades were plane, and were set at various angles to 
the plane of rotation. The discharge from the tube in which the fan was 
set was not the same at every radius from the axis, and was therefore 
measured at various radii, viz., 1^, 5|, 7 J, and 10|. These velocities 
were multiplied by four annular areas, whose mean radii were the above ; 
each of the three outer rings was equal to the breadth of the anemometer 
wheel. The velocity of the air in feet per minute, as ascertained at each 
of the four radii, was multiplied by the area of the corresponding rings in 
square feet, and the sum of the products gave the cubic feet discharged 
per minute. The mean velocity of the air was obtained by dividing the 
discharge in cubic feet by the section of the tube, or 3" 141 square feet. 

It was only fair tu say that if ^Ir. Walker's formula were applied to 
the Kateau fan, its mechanical efficiency would be higher. Taking as 
an illustration the last experiment at maximum orifice, they found that 
the cubic feet per second = 554. 

Y = >v --^9 — ^"-—4 = 22*7 feet per second. 
(;>•;>< y X •^So4 ^ 

Then assuniiiit^ a iKirometer of 21) inches and a temperature of GO 

(leirs. Fahr., and nsing Mv. Walker's fornmla, the additional work in 

ft.-H'S. per second 
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= QV«x 



1-3804 B 



64-4 T 

= QV2 X -001151 = 327 ft.-lbs. 
Hence the ft.-lbs. per second = 3,788 instead of 3,461, and the 

efficiency would be 

3,788 



3,461 



X 47 = 51*2 per cent. 



The highest mechanical efficiency obtained by Mr. Walker was 43 
per cent., with a fan having a slight curve in its blades,* and the 
volumetric efficiency was 89-8 at this test, and the writer was of opinion 
that where the pressure was negligible, guide vanes were of little service, 
but that their advantage was very evident, even with a small water gauge. 

The following table would be of service to those making experiments 
with fans : — 

Weights of Dry Air and a Saturated Mixture of Air and Vapour at 
diffeebnt temperatures under the ordinary atmospheric pressure 
OF 29921 Inches of Mercury. 



Temperature 
in Degrees 

Fahrenheit. 


Weight of Cubic 
Foot of Air 


Weight of a Cubic 


Saturated with 
Vapour. 


Foot of Di7 Air. 




Lbs. 


Lbs. 





•0864 


•0864 


12 


•0841 


•0842 


22 


•0823 


•0824 


32 


•0805 


•0807 


42 


•0788 


•0791 


52 


•0772 


•0776 


62 


•0756 


•0761 


72 


•0739 


•0747 


82 


•0723 


•0733 


92 


•0707 


•0720 


102 


•0688 


•0707 


112 


•0670 


•0694 


122 


•0650 


•0()82 


132 


•0630 


•0671 


142 


•0f)09 


•0660 


152 


•0584 


•06 19 


162 


•0557 


•0638 


172 


•0527 


•06-28 



If the mean density of dry and saturated air was taken, the possible 
error was not more than 1^ per cent, up to 102 degs. 

In reply to Mr. Louis, he (Mr. Innes) arknowledjred that fairly good 
results were obtained with propeller funs, and many of tliese were no 
doubt quite as good as some of tlie centrifugal fans now in use, in whose 



♦ Fan 8, Table I., page 458 of Mr. Walker's paiKjr. 



60 DISCUSSION — SCREW FANS. 

design scientific knowledge was entirely wanting ; but Mr. Louis would 
find it exceedingly difficult to find a propeller fan whose mechanical 
efficiency would equal that of the Bateau centrifugal ventilator, which 
had given efficiencies of 83'9, 81'8, and 82*6 when tested at the Mines 
de la Loire (si^ge de Villars).* This fan had been designed in a 
thoroughly scientific manner. Many centrifugal fans were mere open 
running fans, which could not be any more efficient than a centrifugal 
pump without a volute, and which probably only continued to exist 
because the anemometer exaggerated the discharge. He merely wished 
to maintain that the efficiency of a well-designed centrifugal fan 
was higher than that of an ordinary propeller fan. Of course, if the 
engine driving the fan were neglected the fan would appear to great 
disadvantage. The only test of the Mortier fan with which the writer 
was acquainted gave an efficiency of motor and fan no higher than 50*6 
per cent., which was only 3*6 per cent, above that of the Bateau screw 
ventilator. The object of this paper was to deal with the Rateau fan, 
and not those of other makers. 

Mr. Louis seemed entirely to misunderstand the advantage of axial 
discharge. If the fan discharged the air with a whirling motion as well 
as an axial, more energy would be lost than would be the case if there 
were only the axial velocity. If, however, the chimney of the fan was 
given a bend, so that the air might be discharged upwards and yet the 
fan might have a horizontal shaft, it would still be advantageous to get 
rid of the whirling motion of the air, and the advantage of axial 
discharge would be just as great as before. A horizontal axis was 
preferable to a vertical, but the Rateau screw fan could be arraiiged 
with a vertical axis and driven direct by an electro motor, or by an 
engine with a horizontal shaft by means of bevel gearing. ^Ir. Louis 
wished to know what type of fan was referred to in the table. It was 
very clearly stated at the end of the paper that it was the fan illustrated 
in Fig. 7 (Plate II.). 

Finally, he (Mr. Innes) thought that to speak of volumetric and 
manonietric efficiencies was very misleading, as the purchaser, who may 
not have studied the subject, was liable to confuse them with mechanical 
eiliciency, and the word power used by the leading authority on fans 
seemed a hap])y substlLute. 



* From the Rivu< Unin r>«//( dcs Mints, vol. xx., 1892, in a paper on 
• Ventilateurs cle8 Mines," Table IV. 
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i^RESiDENT desired the meeting to accord to Mr. Innes a vote of 
r his useful paper on screw fans. When they got it printed it 
much easier to deal with, the tables and addenda having to be 
1 the Transactions, He asked them to accord a hearty vote of 
\ Mr. Innes by acclamation. 
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EEOEIVER DROP IN MULTIPLE EXPANSION ENGINES. 



By Peopessob R. L. WEIGHTON, M.A., Vick-Pkesident. 



[Read befobe the Institution, in Newcastle-cpon-Tyne, on 
January 19th, 1900.] 



The object of this paper is to give and explain the results obtained 
from certain trials recently completed on the experimental engines at" 
the College of Science, Newcastle-upon-Tyne. These trials were made 
with a view to determine the most economical point of steam cut-off in 
the larger cylinders of multiple expansion engines — that is to say, in the 
low-pressure cylinder of double expansion, in the intermediate and low- 
pressure cylinders of triple expansion, and in the two intermediate and 
low-pressure cylinders of quadruple expansion engines. 

The importance of this question was brought into view very early 
in the course of the trials generally with those engines. In the last 
paper which the writer had the privilege of bringing before the 
Institution the matter was referred to as requiring elucidation.* 

So far as the writer is aware, there has hitherto been no experimental 
determination of the point in question. During the course of engine 
trials having various objects in view, it very soon became evident that 
the point of cut-off in the larger cylinders had a considerable effect upon 
the results obtained, economical and otherwise. In order that this 
disturbing cause should be eliminated from the results, it appeared that 
prior to any further experiments it would be necessary to determine 
what was the best point of cut-off in each cylinder. Independent of 
this, however, it was also obvious that the question had in itself an 
important bearing upon practice, from the point of view of engine 
design, proportions, and working, generally. For this twofold reason 
the several series of trials here recorded were undertaken. 

The specific object of the trials was to determine the receiver drop 
(dften referred to as free or intermediate expansion) between any two 
cylinders, with which was associated maximum economy, and incidentally 
to discover, in addition, the general effects of varying amounts of 
receiver drop in given conditions. 

• See TrantacHons of the'North'Ead Coast Institution of Engineers and Shiju 
kuildi^rs, ToL xilL, page 88. 

VOL. ZVL-OMO. ^ 
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The principal re&ulta are tabulated in Tiibles L to V- (pages 70 to 7i), 
aiid are graphically recorded on Diagrams L to X. (Plates IIL to XIL). 
Table I. (pai,^ 70) refers to i-eaalts obtained from triple-espanflion 
engines having cylindera 7 inches, 15^ incbea, aod 23 inches diameter. 
The stroke in all cases is 18 inches. From this tabic it will be aeen that 
the method adopted was to change or vary only one condition at a time, 
viz , the cut^olf, first in the intermediate -pressure and next in the 
low-presanre cylinder, all the other conditiona being kept as nearly as 
|K>asible oomtant and unvarying tbroughont the trials of a aeries. 

Uitring tiie firat six trials the interiaediabe-pressnre cut-off was 
varied, and during the second six the low-preasure cut-off was the 
condition which was varied. In Diagram L (Plate IIL) the results 
of Table L are r«tcorded. The base-line represents in inches the point 
of cnt-off in inter mediate -press m*e aud in low-pressui-e respectively, 
Ordiiiates represent, (1} Water us^ per houTt (2) Brake horse-power, 
(8) Water used per brake horse-power j>er hour. 

The water used per hour at constant I'evolutious — in th^e tablt^ 
140 revolutions per minute are chosen throughout — lies iJi a straight 
lines marked *'W** on the diagram. This line shows that the water 
consumption at constant revolutions increases with the cut-otT in the 
targtir cylinders, and that the rate of increase is much greater when 
the intermodiate^presfiure cut-off is made later than when the low- 
pressure eut-oif is made later* A notable exception to this occura 
when the jackets are iji use. Diagram YI. (Plate VIlI.l, in which caae 
the consumption is constant at all cntB-off, as would naturally be 
expected from the temperature-equalising effect of the jackets. The 
brake horse-power lies in a curve, which curve attains in moat of 
the trials a maximum height,^ and then falls as the cut-off is further 
increased. The water per brake horse-power, being the straight line 
ordinates divided by the curve ordinates, lies also in a curve. The 
lowest point of this curve indicates the cut-off at which maximum 
economy of water per horse-power occurs. In Diagram I. the maximum- 
economy cut-off in the intermediate-pressure cylinder is about 6f inches, 
and in the low-pressure about lOj inches. 

Table II. (page 71) and Diagram II. (Plate IV.) refer to cylinders 7 
inches, 10^ inches, and 23 inches diameter, and here it wiU be noticed 
that the best cuts-off occur in the intermediate-pressure cylinder at 11 
inches, and in the low-pressure at about 6| inches. 

Diagram III. (Plate V.) refers to cylinders lOj inches, 15J inches, 
and 23 inches diameter, and shows the best cuts-off in both inter- 
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mediate-pressure and low-pressure cylinders to be about lOf inches. 
In this diagram and the next one, let it be noted that the boiler pressure 
is 120 lbs. per square inch as against 210 lbs. in the two previous 
diagrams. 

Diagram IV. (Plate YI.) shows results under exactly the same 
conditions as No. III., with the single exception that the high-pressure 
cut-ofif is 9 inches, instead of 6 inches, as in No. III. This series was 
made to discover what influence — if any — the total number of expansions 
had upon the maximum-economy cuts-off in the larger cylinders of 
the engines. It will be seen that the best cut-off in Diagram lY. 
for both cylinders is about 10| inches, which agrees with the result 
of Diagram III. The high-pressure cut-off point has therefore no 
apparent effect, and this is confirmed in Diagram Y. (Plate YII.) for 
quadruples, referred to further on. Neither has the boiler pressure 
any effect upon the maximum-economy cut-off, as is evidenced by a 
comparison of the cuts-off in low-pressure and intermediate-pressure 
of Diagrams I. and II. respectively, with the cuts-off in intermediate- 
pressure and low-pressure of Diagi-ams III. and lY. These cuts-off, 
taking them in the order mentioned, are 10^ inches, 11 inches, 10 J 
inches, and 10| inches, the cylinder ratios being in all these cases 
practically the same, viz., 2*195 and 2-296. 

Diagram Y. (Plate YII.) gives the curves of water used per brake 
horse-power per hour for quadruples having cylinders 7 inches, lOi 
inches, 16 J inches, and 23 inches diameter, at various degrees of total 
expansion of the steam, ranging from that corresponding to a high- 
pressure cat-^ff of 3 inches, down to a cut-off of 12 inches. 

From this diagram two conclusions may be drawn, first, that degree 
of total expansion does not affect materially the point of maximum- 
economy cut-off in the larger cylinders, thus corroborating the com- 
parison of Nos. III. and lY., and, second, that the best points of cut- 
off in the larger cj^linders of quadruples are governed by the same 
influences as in triples. The ratios of the quadruple cylinders are 
practically all the same, and are identical with the ratios of Diagrams 
III. and lY. The best cut-off is about 10.^ inches on the average. 
This is to be compared with the best cut-off in Diagrams I., II., III., 
and lY. for the same cylinder ratio. 

Owing to the space they would occupy, it has not been thought 
desirable to give tables for all the diagrams. Those corresponding to 
Diagrams III., lY., and Y. are therefore omitted. 

All the trials so far referred to were made without jacket steam. In 
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order to determine what inflneDce jackets migbt have on the resultB, a 
Beriiis of trials werti made, the reti^nlta of which are given in 1'able II L 
(pttge 71) and Diagram YL (Plata VI I L). The curvea of this diagram 
are to be eom pared with those of Diatgram IL when the low-preaanre 
cut-olT was vm'icd. 

The beat cut-oif iu the low-pressure cylinder with eteara in the 
jackets m aiiout 5| inches, aa against 6| inches without jacket sttiam» 
The legitimate conclusion seems to be that jackets have no material 
effect upon the eut-olT of maximum economy. 

Table IV- (pag« 72) and Diagram VII. (Plate IX,) show results of 
trials made w^ith the int*irmefiiQte-pressure r<.^ceiver capacity doubled tis 
compared with its capacity under the conditions of Diagram IL An in- 
spection of Diagram VII. shows that the l>est cut-off in the intermediate- 
pressure cylinder is practically identical with tliat of Diagram IL Ifc 
may therefore be concluded that variation in receiver capacity— at leasnt 
within limits generally possible in practice— has no sensible etfect 
upon the maximum-economy cut-off in the larger cylinders. 

It was not thought necessary in the two last series of trials to 
duplicate the experiments by varying the cut-off in the other cylinder, 
as had been done in all the previous trials. 

Table V. (page 72} and Diagram VIIL (Plate X,) give results from 
the engines arranged as double exfiansioii or compound engines, with 
cylinders 7 inches and 23 iuches diaiuet^r, rurresponding to a cylinder 
ratio of 11, In this case maximum economy cut-off in the low-pressnre 
occnirs very early in the §troku, vi^!*, at abotit 4 2 inclics. 

Of course the cylinder ratios in these trials have been purposely 
chosen as different from each other as the design of the engines allowed, 
in order to show as definitely as possible the connection which subsists 
between cylinder ratio and the cut-off corresponding to highest efficiency. 
This pajjcr does not profess to deal with the entirely distinct questions 
of the best cylinder ratios or the best total number of expansions for steam 
of different pressures. The particular values of the cylinder ratios used 
in these trials are therefore of no economic significance, except in so far 
as they are associated with the best cuts-off in the larger cylinders of the 
cii.i,4nes. And it is obvious that the more widely the experimental 
ratios differ from each other, the more clearly will their special con- 
nection with the point we are in search of be uidicated. Hence the 
reason for the trials of Diagram VIIL, and such an unusual ratio as 11 
to 1. 

An examination of the whole of these results shows that the one and 
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only factor which affects materially the cut-off of maximum economy 
in any one of the cylinders following the high-pressure cylinder is the 
ratio between the cylinder in question and the immediately i)receding 
cylinder. In other words, the ratio between any two successive cylinders 
is the one factor which determines the point of maximum-economy cut- 
off in the second of the two cylinders. 

In the subjoined table, column II. sums up the results from all the 
trials, in the shape of the best cut-off for each value of cylinder ratio 
(B). The figures in column III. represent maximum economy ratios 



X. 




II. 


nr. 


Any Cylinder Capacity 


Best Cut-off in 


P ^ Best Cut-off 1 


Preceding Cylinder 


Capacity 


Inches of Stroke. 


Stroke 


a 








2195 


m 


1-28 ' 


2195 




lOi: 


1-28 


2195 




10 


1-28 


2195 




10 


1-31 


2195 




lOJ 


1-31 


2-29f> 




10 


1276 


2-296 




11 


14 


4-86 




fit 


1-72 


50^ 




61 


1-85 1 


1100 




4i 


2G7 



of free expansion in the receivers. These figures are therefore propor- 
tional to that receiver drop, with which is associated maximum economy 
in the several cases. The values in column III., when plotted to a 
base of B as in Diagram IX. (Plate XL), will be seen to lie practically 
in a straight line. The equation to this line will be found to be as 
follows : — 

Best cut-off _ R + 6-6 
Stroke 6*6 

From this follows the best cut-off in terms of R, viz.: — 
Best cut-off R + 0-6 , , 1 

R* 



R X 



,^ = -15 + 



Stroke "* 66 R 
This last expression is an eciuation to a curve which is plotted in 
Diagram X. (Plate XII.), and from which diagram the best cut-off for 
any cylinder ratio can be read off by inspection, in fractions of the 
stroke. On the same diagram is shown, merely for comparison, the 
carve of cut-off for no receiver drop. 

In the tabulated values of R, allowance is made for clearances, and 
also for areas of piston rods. By " best cut-off " is meant the particular 
cat-off in the larger cylinders at which maximum economy occurs. 
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rt was very noticeable in the working of the enginei that late cnta-off 
were distinctly conducive to ijmoothuess of running, uniformity of 
turning moment, and dumbilitj of l>earinge ; while early euts-off were 
always accompanied by a compai^ative absence of these desirable qualities. 
With early cut-olT in any cylinder tlie engines always appeai"ed to labour 
heavily, and to work with jai'3 and thumps, whieh symptomg entirely 
disappeared when the cnt-off waa increased. Owing to the absence of a 
fly-wheel any tendency to^varda inequality of turning wa;s rendei^ vtry 
evident, and was, in addition, automatic ally recorded on the brake 
diagram. 

Moreover, late cuts-off, being associated with Kmallness of valve 
tra%^eh iwid all that this entails, are rmsinitHvely preferable to early cuts- 
oiT. Hjate cuts-ofT also favour haudinesa in starting and reversing. 
From many points of view, therefore, it follows that late cnts-oflF are 
greatly preferable to early cuts-off. But— as shov^ii by Diagram X, 
(Plate XIL)^late cuts off, in the larger cylinders at least, can only l^ 
adopted with ecouomy when the eylj^ider ratios are smalh This leads to 
the conclusion that— other things equal — the most satisfactory engine m 
regards smoothness of workinir, dnrahility, and economy in so far aa 
affected by i-eueiver drop, will be that engine which attains a given 
degree of total expansion with tlie sniallest eylinder ratios, or at least 
with ratios not exceeding a certain limit. 

It is necessary to bear in mind that although results are here given 
from double, triple, and quadruple expansion, no valid comjmrison can — 
on the results as they now atimd -be instituted lM>twccn these three 
methods of working. To institute such a comparison, all the different 
results must be reduced to a common basis as regards vacuum, barometer, 
steam pressure, etc., and this has not been done in the paper because 
not necessary for the purposes in view. 

In Diagrams XT. to XY. (Plates XIII. to XVII.) inclusive, are given 
some samples of expanded indicator cards. These particular cards have 
been selected from a very large number in order to show the effects by 
contrast, of extreme variations in cut-off. The notes on the diagrams are 
sufficiently explanatory without further reference. The "mean pressure" 
on each card is that reduced to the low-pressure cylinder. It therefore 
represents comparative power in the several cylinders. It will be noticed 
that there is no marked evidence that maximum economy is associated 
citlier with equality of power, or with equality of temperature ranges in 
the several cylinders. 
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Deductions from the Results, — The following is a suaunary of the 
more important of the deductions which may be made from the results 
of the trials : — 

1. For maximum economy of consumption, steam must be cut off at 
a certain point of the stroke in the larger cylinders of multiple expansion 
engines. For any given cylinder this point depends solely upon the 
ratio between the capacities of that cylinder and the preceding cylinder 
(R), and is expressed as follows, viz. : — 

Maximum -economy cut-off _ « 1 
stroke " '^^ "^R* 

This is the principal and most important conclusion deduced from the 
trials, and — as already explained — is embodied in Diagram X. (Plate 
XIL). 

2. It follows from No. 1 that the cut-off in the larger cylinders, once 
fixed, should never be altered, whatever may be the cut-off in the high- 
pressure cylinder, or the steam pressure employed. This means that 
automatic-expansion governors, or linking- up gear, should act upon the 
high-pressure cylinder only, if maximum economy at all powers is to be 
preserved. 

8. The cut-off in the larger cylinders affects materially the total 
horse-power developed by the engines. As regards the low-pressure 
cylinder of triples, and the second intermediate, and low-pressure 
cylinders of quadruples, maximum power cut-off in these cylinders 
coincides with the cut-off of maximum economy. As regards the second 
cylinder of triples and quadruples, maximum power cut-off is very 
conBiderably later than that of maximum economy. In compounds the 
n^^YininTyi power cut-off in the low-pressure cylinder is only slightly 
later than that of maximum economy. See Diagrams I. to VIII. (Plates 
III. to X.). 

4. When cylinder ratio (R) is small — say from 2 to 2*5 — the cut-off 
in the larger cylinders may be varied considerably from that corre- 
sponding to maximum economy, without any appreciable fall in 
economy. But when R is large, there is no such permissible deviation, 
without entailing as a conse(j[uence a fall in efficiency. See Diagram 
VIII. (Plate X.). 

6. With given efficiency in receiver drop, smallness of cylinder ratio 
is conducive to smoothness of working, uniformity of turning, durability, 
handiness in starting and reversing, and compactness of design. 
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23 — 12Q H.K, cut-off 9^ 


_ 


V* 


7 lOi 


15J 23 200 U.R CQts^ff 3", 4*^', (TV 12" 


III. 


VI, 


7 JOi 


23 — 200 H-P. cut off 10^ j4ckettHak. 


. IT 


VI L 


7 lOi 


26 — 2O0 H-F, cut-off 10"' Eoc^iver c&jtudt^ truK 


l_ ^• 


VJII 


7 23 


-^ — 200 H,K cut-off 10" Compound triaU. 


k - 


l\. 


B*cvivor drop of iDajtimmu ««orMjmy. 


■ 


X. 


Cttt'crfT t^ Etiaxtinatn tconoHij. 


■ - 


XL 


i;*|iaoil«d c*rd* of No. I. TaWe I. 


■ 


X\l 


n 


„ No. 6, M f. 


■ 


XI n; 


11 


^ No. 5. „ It 


■ - 


XIV- 


ft 


,. No. &. , IL 


■ - 


%r. 


m 


,, No. 10, „ IL 


1 






*B*t FUUa lit to rVlL 

Tabi^ I. (aa« Dj^gmm 1.). 


1 C;llnd<^r», 7 


iLicbc«, iH 


iivclifs, 23 mcliea, h^ 18 incliea atajke. Inteudcd boiler 


f 


\tnm%\m 


■, 210 lU 


Jacket Hteam shut off, Eecdvers continnoiwlj draiiRnl, 




Cf&tik eoqtionc^ H J.L. 





Cut^ojr tu 












W*tcr w * 




CrHudun , HF. fteToki- 


redooed 
toL.F. 
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1;.IIP 
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cOuvt per 


i.ttp. 
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UB«d 


ttl4D 
Rvrolii- 

1 






Jt, 


L 


L 


Prv»un Mlfiuto, 


•ii 








Krr: 


Bq. lT 






Lba. 




Liu. Ltn, 


1 


13 


IB 


IB 


201 1 144-2 


28^2 


I52'y 


1416 


8,263 1 137-4 


2^97 


16^ 


1 


13 1 


lOi 


12 


201 . 14» (£ 1 2^97 


!&<! 


141-8 


2,231 ' l;i8 3 


2.175 


16-72 




u 


9 


15 


200 14H] 1 28^ 


161-3 


14y'9 


2p2&8 13711 


2,134 


I5-47 


n 


Ti 
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201 147 ' 28-7e 


16Ba 


l+i5 
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2404 


16 28 




12 


6 


12 


»OVS 144-2 i 2S^4 


lo38 


138-9 


2,112 


184-8 


2.050 


16-2 


13 


^i 


18 


202 7, 1 37 27 


27^1 


1424 


U6 


2V005 


128-6 


2,046 


IS^ 


t\ 


12 


6 


1.11 


aoi-7 144 ea 


3S-97 


167 3 


141-7 


2,108 


, lJ>7-2 


2,096 


16-28 


f 


12 


n 


12 


201 1443 


mm 
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141-9 
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187 7 
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5) 
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Table II. (see Diagram II). 

Cylinders, 7 inches, lOi inches. 23 inches, by 18 inches stroke. Intended boiler 
pressure, 210 lbs. Jacket steam shut off. Receivers continuously drained. 
Crank sequence H.I.L. 





Cut-dlT in 




1 






RP 


EuTola- ^r p 




Stefl.ni- 
trhest 




K, 1 1. It 




1 






1 


Ijb», vmr 


Li'i, i)er 
a. J. In. 


ffjt 


13 


13J lOi 


im-b 


IH8 ^7 57 


12 


12 10. 


2'>0 


lto-4 :i7-88 


85 ^ 


13 


101 10* 
9 10, 


303 


U217 27-62 


r ( 


13 


201 


139-6 


26-96 


i ' 


12 


lU: 12 


201 


1300R 


1^706 


^ 


13 


11 lOj 


201 


137*J 


:^7-57 


*^•: 


13 


11 9 


202 


139-63; 279i 


i 


IS 


ju n 


202 


1113 ! ^3--l^ 


i 


12 


111 • 6 
Hi *4 


:£0-2 


lia 17 2So5 


^ 


12 


200 


13I»-G J :i7-4-3 

1 



149-0 
1521 
1476 
141-2 

138-3 
142 6 
140 5 
151 
1527 
14:3-8 



I 

B.H.P. I Watjr 
Brake used 
Horse- per 
IHJWer. Hour. 



I 

Lltfl. 
137-5' 2,102 
136-4 I 2.087 
132-2 2.026 
126-3! 1,938 

121.-7' 1,075 
127-6! 1,996, 
131-6 2,016 1 
135 6! 2,02 1 1 
138 3; 2,028; 
131-8; 2.0011 



I Water 



i Water , 
B.H.P. per 
at 140 Hour at ,i^JV 
Revolu- 140 I "•"•*^- 
lions. 'R«V')lu- 
tions. 
i 




Table III. (see Diagi-am VL). 
Cylinders, 7 inches, lOj inches, 23 inches, by 18 inches stroke. 



pressure *> 300 lbs. 
soquenco H.I.L. 



Steam on jackets. Receivers not 



Intended boiler 
drained. Crank 



1 


Cttt-Off iQ 

Dylindera 
(iDohet). 


HP. 

Steam- 

ohoit 

Preniro 


; H. 


I. 


L. 


1 10 


lOA 


10 


107 


; 10 


10 


8 


198 


1 10 


10 


6 


196 


10 


10 
10 


6 


197 


10 


4 


200 



Revolu- 
tions 



i»e 
Mini 



I M.P. 
' reduced 

I to L.r 



Lbs. per 
8q. In. 
29 
2891 



I 



137 34 
146-7 

142 55 I 20 93 .' 
135-5 ; 2902' 
140 8 20 IS I 

I I 



I.H.P. ! 

i 



110-9 
1591 

iro 

117 5 
15 11 



B.H.P. 1 
Brake ' 
Horse | 
power 



Water 
used 
iMjr 

Hour. 



, I.bg. 
130-5 2.01 3-; 



U4 

111 2 
131 f; 
i:ji;-3 



2,151 
2.( )33 
1.071-li 
2.0(MI 



Water «rin..» 
B.H.P. per , ^\^;'' 
at 140 Hour at' ,.VV^> 



, Ilevolu- 

I tiODS. 



133 
135-4 



.> *^^, per 

tious. 



Hour. 



Lbs. Lbs. 

2.053! 15 43 

2.052 i 15-15 

13S6: 1.997 14-4 

l.'^6 I 2.0.'i7 1 I 07 

135-6 2.n52 15 13 
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Table IV. (see Diagram VII.). 

Cylinders, 7 inches, lOJ inches, 23 inches, by 18 inches stroke. Intended boiler 
pressure = 200 lbs. I. P. receiver doubled in capacity as compared with Table 
II. Jacket steam shut off. Receivers continuously drained. Crank sequence 
H.I.L. 



Cut-off in 












1 


WaUr 1 Water 


Cylinders. 


H.P. 


Revolu- 


MP. 

reduced 
to LP. 

Lbs. per 




Water 


' B.H.P. 


H. 


(Inohes 
I. 


L. 


Steam- 
chest 
Pressure 

Lbr per 
Sti. In. 


tions 
M^te. 


LHP. 


Tim, used 
B.H.P. , 

I Hour. 

1 


at 140 
Revolu- 
tions. 


Hour at ^.^^ 
tions. Hour. 


















8q. In. 






Lbi.. 




Lbs. Lbs. 


10 


m 


6r 


197-5 


139 


25-86 


134-8 


123 5 


1.963 6 


124-4 


1,979 15 91 


10 


12 


6 


197-5 


139-53 


25-82 


135-2 


124 9 


1,967-3 


125-4 


1,973 15-74 


10 


10 


6i 


197 


138-23 


25-99 


18i8 


121-8 


1.885 


123-4 


1 909 15-46 


10 


8 


6i 


198 


136-14 


25-74 


131-4 


1177 


1,815-6 


121 


1,867 15-43 



Note. — Vacuum was exceptionally low for trials on Table IV. 



Table V. (see Diagram VIII.). 

Cylinders, 7 inches, 23 inches, by 18 inches stroke. Intended boiler pressure, 200 lbs. 
Jacket steam shut off. Receivers continuously drained. Cranks at 90 degrees, 
L.P. leading. 



i Cut-off in 
(^yiinder^ 
(Inches). 



HP. Revolu- 

Steaiii- I tions I 

ciM'st I pt-r 

rrefwurc Miiinto. 



MP. I 
rednced 
to LP. ! 



: 10 
i 10 
i 10 

I 10 



Ll.s. I, r 
S.J. In. 

107 
liH) 
V.)H 
10'.) 



127 
132 2 
i:u-23 
130-7 



Lbs. peri 

S.i. In. I 

22ri2 

2373 

2tir> 

21-63 



108 
117-7 
1180 
1061 



B.H.P. 

Itrake 

Horsc- 
lK)wer. 



101-5 



Water 



RHP. 

at HO 
Revolu- 
tions. 



1 



Water 

l)er 
Flour at 

I 14U 
Rt'Tolu- 
liuns 



Lbs. I 
,070 



I 



108 3 2,000 ' 
107-6 1,050 6 
103-2 1,S74 ! 

I 



nil 

lU-7 



Ll.s 

2.156 
2.118 



111-8 1 2.081 
110 5 1 2 007 



Water 
IHir 

HII P 
per 

Hour. 



Lbs. , 
19-4 ' 
18 16; 
18 13, 
1816' 



Tlie Presidknt, in adjournini:: the meeting, said they were i^oing to 
have two cxtia meetings thi> session. Tliey had got so many papers and 
so miK-h iiiatrrial for discussion tlnit tlicy Avcre di-iven to havi' extra 
ni(M.'( iiiLis. '.vhieh. he hoped, would he gratify "ng to ihem as sliowing tlie 
'jvvni intt'T.'st taken in tlie afhiirs of tlic Institution. 



Th'' iii'-i'iinu' tlien dissohcch 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 
AND SHIPBUILDERS. 



Sixteenth Session, 1899-1900. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OP THE SESSION, HELD IN THE LECTURE 
HALL OP THE LITERARY AND PHILOSOPHICAL SOCIETY, NEW- 
CASTLE-UPON-TYNE, ON FRIDAY EVENING, FEBRUARY 2ifD, 1900. 



Sib BENJAMIN CHAPMAN BROWNE, D.C.L., J.P., President, in the Chaik. 



The Secretary read the minutes of the last General Meeting, held 
ia Newcastle-upon-Tyne, on January 19th, which were approved by 
the members present and signed by the President. 



The discussion on Prof. R. L. TVeigbton's paper on " Receiver Drop 
in Multiple Expansion Engines " was opened and closed. 

Mr. S. J. P. Thbarle read a paper on "The Distribution of Materials 
in the Upper Works of Large Steamers." 
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DISCUSSION ON PROF. R. L. WEIG ETON'S PAPER ON 
"RECEIVER DROP IN MULTIPLE EXPANSION ENGINES." 

Mr. F. TV. Jennings said Prof. Weightoii stated that his paper did 
not profess to deal with the questions of the best cylinder ratios or the 
best total number of expansions ; but as the formula deduced from the 
experiments depended entirely on the cylinder ratios, it appeared to him 
that it was of very little assistance unless they had some idea of the best 
cylinder ratios. 

One of the most noteworthy points indirectly raised by the paper 
was the inefficiency of the steam jackets. On comparing Tables If. and 
III , pages 70 and 71, Diagrams IT. and VI. (Plates IV. and VIII.) it 
would be seen that the saving obtained from the use of steam jackets 
was only '27 lbs. of water per brake horse-power per hour. This was 
exceedingly small, and it would be both interesting and instructive if 
they could have some explanation for it. 

On page 60, deduction No. 2, was the following : — " This means that 
automatic expansion governors or linking-up gear should act on the 
high-pressure cylinder only if maximum economy at all powers was to 
be preserved." "Were they to assume from this that Prof. Weighton 
recommended separate linking-up, because, if so, it did not agree with 
his remarks on the paper on " Cylinder Ratios," by Mr. James 
Andrews,* in which he said that he did not think any system of 
linking-up separately would secure a satisfactory result. It would be 
interesting to know whether the results of the exi>eriments described 
in the present paper had made him change his mind, or whether 
practical considerations outweighed the theoretical. 

The table on page 67 gave the ratio R of any cylinder capacity 
to preceding cylinder capacity ; but he thought it would have been 
clearer if it had been specified in each case whether the ratio of the 
intermediate-pressure cylinder to the high -pressure or the low-pressure 
to the intermediate-pressure was meant. He hu'l prepared a table 
(Table VI., page 76), in which the ratios wore given separately, with the 
corresponding actual best cuts-off in percentages of stroke, and also 
the calculated best cuts-off from the formula given He had assumed 
that the fixed cuts-off were the 1k3sL, as they came so near those 

• Trannactions of the North-Euxt Comtt luHitvtion of Jinjincira and Skip- 
hmliergy vol. ziv., page 222. 
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obtfiiDed bj the formula. As be bad not the particnlBrB of areas of 
piston rcMjfl, etc,, he bad had to work simply on the areas of cylinders, 
fcbns making bis figures appear sliglitly different to those given in the 
piiper, but the differcDce was scarcely sufficient to be of any practical 
imiKjrtanee. This table only tended to prove, if auch proof were 
tiecessarj, how acourately the formula represented the results obtained 
from the ex])erinients, the p^ateet variation LHiin;^ only alwut 4 per 
eent , the majority being within 2 per cent. 

He had prepared another table (Table YIL) from actual vahe 
settings of marine engines of varying siireR, in normal gear, the 
high-pi^ssuro cylinders varying from 10 inches diameter to over JJO* In 
this table it would be seen that there was a very considerable 
difference between the actual cuts^off and the calculated best cuta-off, 
in some cases as much m 20 per cent. Were they to understand 
that these engines were badly designed, or wer« there other reasons 
for this difference which the formula, did not cover ? 

Ta^lb VI. 



Of lioder Bftil^ 


PeroMitjigii of atrohB. 


Giilflii]*t€4 Beit Out-Qiriii 
Pcriiri-ntiLUG of Mtntke Is* 


tP.i*aH,R 


l.P.Ktol.P.i 


L P. to 1,P. 


IJ.t j LP*l 


t^. 


1-Kx 


tr.m 


t.p. 


4901 




2-202 


ae-s 




5R'4 


36 6 




606 


225 


— . 


4^7^>7 


*u-a 


■"^ 


a5-4 


59-6 1 


■^- 


Uii 


2178 


— 


2'202 


60-8 




59 8 


fil"2 I 


■ — 


606 


2 178 


_ 


2-203 


59-8 


., — 


C98 


Hl'2 


— _ 1 


esye 


2^5 


Z17B 


2202 


58^i 


58-4 


58*4 


59'G 


612 


606 


225 


— 


4-7&7 


58-4 


— 


31 '95 


69-6 


— 


36^ 


22B 


— 


47&7 


.55-5 


.*— . 


36-1 


69-6 


^ 


S01> 


— 


■ — 


10-795 


" 


^- £^t'3 


— 


-^ 


M% 



Tablb yii. 



Cylinder Ratios. 




P«roent«cw of Stroke by 
Prof. WeigbUm's Voimiala: 


IP. to 
HP. 

2025 


L.P. to 
IP. 


LP. 


L.P. 


I,P. 


L.P. 


Top. 
63-2 


Bottom. 
53-2 


Mean. 


Top. 


Bottom. 


MAD. 

59-45 


2-607 


58-2 


63-2 


55-7 


' 53-25 


52 7 


2-.S13 30G2 


709 


62-25 


66-57 


70-6 


63-3 


66-45 


50-75 


47-8 


2 729 1 2-570 


62-8 


53-5 


58-15 


05-5 


58-4 


61-95 


61-8 


541 


2r>05 2H71 


61-5 


51-4 


50-45 


59-8 


54-7 


57-25 


52-7 


499 


2t;5 207 


02 


52-4 


57-2 


630 


560 


59-5 


52-9 


62-75 


LM')02 1 


2903 


08-4 


59-2 


63-8 


67-6 


58-8 


632 


52-8 

• 


489 
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Table Vlll. 



Cylinder 
Baiiuft. 



L.P. to HP. 



3-21 
2&6 
4-86 
2*94 



C&lculated Best Cut-otf Id 
Aotuftl Cutoff in Percentage of Stroke. P' rteotage of Stroke by 

Prof. Weighton 8 Foriuiua. 



Top. 



63 2 
6375 
68-8 
67-5 



' Bottom. 

50 2 
56-25 
518 
62-25 



Mean. 

59-7 
6()0 
53-3 
6t-S75 



16-4 
5i-25 
35-75 
4925 



He had prepared a third table (Table VIII.) from actual valve 
settings of high-speed compound engines, in which the difference between 
actual cuts-off and calculated Inist cuts-off was still more marked. He 
would refer more pai'ticularly to the third example given in tliis table, 
in which it would ])e seen that the difference l)etween the actual cut-off 
and the calculated best cut-off was nearly 20 per cent. Yet this eugine 
was known to work with a steam consumption of less than 15 lbs. per 
indicated horse-power per hour. It aj)peared from this that the actual 
point of cut-off was of less importance than the paper led them to 
believe, and that a very considerable variation might be made without 
affecting the economical working of the engine. 

In the pai)er nothing was said about the difference in cut-off between 
the top and bottom of the cylinders. How did a considera])le difference 
affect the results ? In Tables VII. and Vlll. he had given the cuts off 
for both top and bottom of the cylinders, and it would ])e seen that in 
some of the marine engines there was as much as 10 per cent, difference. 
In the high speed engines the difference was not so marked. He 
thought that particulars of the valve settings, or at any rate of the 
top and bottom cuts-off of the engines used in the trials would ]>e 
interesting, if they could be given them. It a]>i)eared to him that 
when marine engine valve gears were laid down very little consideration 
was given to this point He knew that in locomotive valve setting it 
was considered very important, and much time was often sjjent in making 
the cuts-off as equal as possible, the position of the reversing shaft 
playing a very important part, whilst so far as he (Mr. Jennings) could 
make out, each firm of marine engine builders had its own particular 
rule for settling the position of the reversing shaft, which it invariably 
worked to ; but, as settling the position of the reversing shaft by the 
rules of two different finiLS would sometimes make a difference of over a 
foot, it stood to reason that one must ]>e better than the other. He was 
therefore of the opinion that it would \y\y marine engineers to devote 
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more attention to this point. It would, of course, ncc^^ssitate the kjio^ 
down of the point pathi of the gear if a larfie gcak model wa8 not 
avaihible, bat as these Bhowed very clenrlj the patlj of each pitrb of tho 
gear, thej wBre to be preferred to a valve diagnim in any ease. Ha 
knew from ex|>erience in locomotive work that a sli^^ht alteration ID the 
position of the reveraing ehaft often made a very tonsfderahle difference 
in the reBulte. 

Mn Robert M* FEiiRrKK, B.Sc, Mid he had scarcely intended to 
&peak on the paper at all, ha it seemed to him that the points intended 
to be brought forward were fully and clearly explained in the paper 
iteelf. He thou^%t Uie paper elearly showed that it wiy^ intended to 
give an aeeount of some experiraeiits under tuken with a definite object 
in view, namely, the deterniinatio!i of the Ijegt point of cut off in the 
larger eyhuder^ of multiple expansion engines. But fippanmtly there 
nad been liome misnudurstanding of the object of thtt papt^r. One of the 
larger weeklies* (T/a^ EftpnferjihxQi^A an article to it, in which it found 
fault— ill's t» on the ground that the paper did not provide an adequate 
theory of steam cuginei on the whole i and next proceeded to iuftigt that 
the results did not apply to engines iu genend, but only to those on 
which the expt^imentB ^ere actually made at the rollege of Hcience, A 6 
he (Ifr. Ferrier) understood it, the object of these experiments was 
simply to determine one particular point, viz*, at what jiarticular point 
of the stroke in larger cylinders wag it l^est to cut-off the fiteain with 
regard to maxiimma economy? Hitherto it had been tissumed in 
designing engiuts that the best cut-olT in the latci' eylindera would be 
determined by arranging them so that the powers produced in the 
different cylinders should be about equal. 

At different pressures also, it might be thought better to vary the 
cut-off as higher or lower pressure was used. The total ratio of 
expansion used in the whole engine might also influence the point of 
cut-off in the different cylinders. 

Well, the paper gave an account of experiments undertaken with the 
object of settling the question by actual trial, and showed that the same 
point of cut-off WHS found to be most economical, whether high or low 
prt'ssuro w^as used, pressure of 120 lbs. or a pressure of 210 lbs. The 
best cut off was found to be at one particular point in each cylinder. 
Then, again, the receiver capacity was varied, and that also was found 
to have no effect ; and finally, the only point, the only factor, that 

* See The Engineer, vol. Ixxxix., page 26. 
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seemed to have any influence upon the point of cut-off for maximum 
economy, was the ratio of cylinder capacity. Now, as the range of 
variation of cylinder capacity was from little more than double the 
preceding to 11 times, which exceeded any ratio common in practice, 
he did not think it could be said very well that the results of the 
experiments were confined to one particular set of engines. It was 
impossible to conceive any special construction which would affect the 
cut-off other than those laid down in the paper, and seeing that the 
results had shown that the cylinder capacity, and that only, affected the 
best point of cut-off, he thought they might assume that these results 
would apply to all engines and not only to those upon which the exi)eri- 
ments were actually made. 

Mr. Edwin Griffith said he was tempted to take part in the 
discussion from the opinions expressed on the paper in The Engineer, 
He must confess he was quite staggered when he read the article in The 
Engineer. His attention was drawn to this production, and he thought 
it peculiarly incapable. The writer of the article, he fancied, never read 
the paper he was discussing — never thoroughly, certainly. He supposed 
it was a principle in journalism not to read what they were going to 
review. The main point made by the writer in The Engineer was that 
these experiments showed what was best for the college engine, and for 
that only. If these experiments were conclusive for the college engine 
they seemed to him to be so practically for all other engines. The real 
question was whether they were conclusive for the college engines. But, 
assuming that they were so, as put in The Engineer^ then lie thought 
they must apply generally. The particular point experimented upon was 
tried under all possible vjiriations of the essential conditions. Any com- 
pound engine he knew of came practically within the range of the 
exj^eriments. They were experiments, not under a particular condition, 
but with a great variation of conditions ; that is, every vital factor was 
varied — the total ratio of expansion, the number of cylinders, the 
receiver capacity, the steam pressure— and all these were found to have 
no influence on the particular point which the experiments were made to 
determine. However, the real (|uestion was, were the exi)eriments 
exhaustive ? His own feeling, broadly, was that they were exhaustive, 
except, possibly, upon the point of tin.' e fleet of receiver caj^acity. He 
presumed that these tables rej»resente<l the results of more experiments 
than those alluded to: that they were typical — because he thought a 
great many experiments were necessary for one result— to correct errors 
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of obserTiifcion ,^ bnt the r^aults of mor« experiments ou receiver cupsicity 
woukl have beeu of valtte. If anyone had a fad oo that qaestioiij then 
\m did not think Prof. AV<,^ighton hnd produced sufficient evidence to 
Vi'fute sueh a uiati. The iirtide in T/i& Enfjinur was hardly worth 
itferriii^ to further, but there wer« one or two pdinti in it which he 
might mention, bnt would not dist:uss or wiiste their tinie upon. It 
said J among other thiu^, that the receiver drop uii^ht be chminated 
altogether, Wi^ll, he thought the writer would It^ Vit-tter employed 
doing so than writiiig &uch articles. Then it aaid that the indicntor 
t^rds did not represent the power developed in the cylinders. He did 
not kuow what that really meant ; but jierhapu someone more In tlic^ 
cfiufidence of The Engimer mi^ht inform them. To an outsider it 
needed sbme e spin nation. There were other pouits^ but the tendency of 
those alluded to wa^ not to inspire them with conHdence in tlie writer* 
He thought the Institution was to be congratulated npou such a paper 
as this from Prof, WeightoUj which he considered was of great practical 
value. 

The SficaBXARY read the following communications on the paper i— 

Glasgow, January :dOfh^ l^QO. 
Dear Mr* Dcckitt, 

I have read with much interest Prof, Weighton's paper on '' Eeccivcr 

tJrop in Multiple LJ^xpansion Engines,'- There is an old saying that an 

ounce of practice is worth a pound (or h it a ton ?) of theory, and we 

have in these experiments, so thoroughly carried out and clearly mt 

forth, a weighty addition to our practical knowledge of the action of 

steam in modern engines. Some time ago, when Prof. Weighton gave ns 

the results of his experiments on the economy as affected by the total 

number of expansions, it was a gratification to th^ practical engineers 

responsible for the designing and running of marine engines respectively 

to find their experience that a relatively high mean pressure was at 

least not less economical than a low one borne out entirely by those 

experiments, and this against the generally accepted theory of economy 

in number of expansions. Now, again, practice gets a help against the 

theory that the greatest economy is to be sought in " no receiver drop." 

The experiments, if they proved nothing further than this, would be of 

,<j:reat vahie, but the range of cylinder ratios which have been tested is 

Fo considerable that it has been possible to deduce a rule for the most 

economical poiut of cut-off in the following cylinders. It is to be noted 

that thiss cut-off points to small ratios of cylinders, which also follows 
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from the use of relatively high mean pressures, and thus vindicates the 
correctness of the practical mean estimate of the size of an engine which 
depends on the size of the ^i^A-pressure cylinder. Dare I ask how this 
bears on the North-East Coast Normal Horse-power Rule ? 

I notice an article in this week's Engineer on Prof. Weighton's paper, 
in which the writer says :^— " But we have no reason to assume that the 
deductions l^ithnately drawn by Prof. Weighton will apply to other 
engines of different proportions." And further on, "Now, we venture 
to say that the formula quoted above will not necessarily hold good of 
any other engine working under somewhat different conditions." To 
me it appears we are quite justified in drawing the conclusions to which 
the writer quoted demurs. It is to be remembered that the experiments 
have been made not on one engine, but upon a series of engines of very 
various proportions, and the results show the effect of the variation of 
proportions within their wide limits, and certainly indicate what the 
effect of further variation would be. . The writer in' The Engineer has, in 
my opinion,' underestimated the value of the experiments ; for instance, 
in one place he says :— " The triple expansion engine tested has cylinders 
7 inches by 15^' inches by 23 inches by 18 inches," and makes no 
reference to the other triple expansion engine tested— the wide variation 
in the ratios of the cylinders of the two' engines being ^feature of the 
experiments. Again, after telling us that no useful working theory of 
the action of steam in an engine exists, he tells us that, " According to 
all known laws of physics, the free expansion of steam into the receiver 
cannot represent a loss, since no waste of work is done." I quote these 
to show what a need there is of just such experiments as those made by 
Prof. Weighton, which clearly show that a variation of receiver drop 
causes variation of efficiency, and point out for given cylinder ratios 
what is the most economical drop. 

Yours faithfully, 

James Patterson. 

Oban House, High Lane, 

Chorlton-cum-IIardy, Manchester, 

January ol.s/, IDUO. 
Dear Mr. Duckitt, 

The paper on " Receiver Drop in Multiple Expansion Engines,'* read 

by Prof: Weighton, is of great practical importance and ou^ht to prove 

of immense service to those engaged in the design apd manufacture of 

multiple expansion steam engines. I have, on various occasions, R})ent a 

cobsiderable.amonnt of titne in amUysing and drawing diagrams relating 
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to manj of the trials g^iveii ia the paper, and I trust that the following 
remarks, wLioh seem to roe m^ paving a fairly rtiaaouablt* exjjlanation 
of some of the resnlts, will l:)e accei*table to the members of the 
Inititutiou. 

It ia extremely important, in order to obtain a clear understaodiDf? 
of the conclusions arrived at, that the two factors entering into the 
question of economy, namely, the water uyed and the horse-power, sljould 
be at BrBt considered separately. When we haYe discovered, firstly, \rhy 
the feed in a triple exj^ansion engine, say, alters m the ent-off in the 
intermediate-preseure eylinder is variedj and, secondly, wliy the hone- 
power alterfl at the same timej the esphmation of the experim**ntal 
results becomes Bimple* 

In Trial ft, Table !», page 70, the water consumption is 2,015 Ihe. 
per hour at 140 revolutions^ and in Trial 1 the water is 2,137 lbs, at 
the same rcvolutiona, an increase of Ibt lbs. i>er hour. That is to nay, 
a greater amount of steam entered the high-pressui^ cylinder at evury 
stroke during Trial 1 than eutered during Trial (i, hlthon^di tlie cut olT 
in the high -pressure eylinder was in both castas fixed jjI the saun* point* 
The feature of difference in the two trials, to which was due tlie 
variation in the feed, lay in the fact that in Trial 1 tlie intennediat<3- 
pressure cylinder cut off was later than in Trial fi, 

Kow, a later cut-off in the in temiedia to -pressure cylinder nieans^ a 
lower first reeeiver-preBsure, and consetiuently, a lower ietfipf^rature of the 
hi|a:h-pressure exhaust st^iam. The effeti of tbit^ h to lower the mean 
lii*(h*[jre?snn' rvlinder wall tLm]K?rrdurL: arid ((insi.'isiii'htly hi iii('rr:\<r llie 
initial condensation in that cylinder. Part of the increased consumption, 
and probably the greater part will be due to greater leakage past the 
high-pressure slide valve into the exhaust.* This is due to the fact that 
the pressure difference between the steam in the high-pressure steam 
chest and that in the first receiver becomes greater as the point of cut-off 
in the intermediate-pressure cylinder is made later. These two causes 
combined, condensation and leak, seem to account for the fact that the 
missing quantity (the difference between the steam consumption indicated 
by the card and that actually passing through the engine) increases as 
the point of intermediate-pressure cylinder cut-off becomes later. I have 
l)ronL,^ht this fact before the notice of the Institution on previous occa- 
sions, illnstrafcing it by results obtained from experiments made by 
nic at McGill University. 

* Soc pii])er on •* Multiple Expansion Engines.'' Transuctions Jifiytl Society of 
Can, Ida, la9(>-97. 
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When we consider the question of high-pressure we find that, up to a 
certain point, the later the cut-off in the intermediate-pressure cylinder 
is made, the greater is the horse-power developed. This may be partly 
due to the re-evaporation of water initially condensed in the high- 
pressure cylinder and also to increased card area, the result of less 
temperature range and less wire-drawing at admission in the inter- 
mediate-pressure cylinder. The effect that early cut-off has upon 
the area of a card is seen by superposing the diagram from the 
15 J inch cylinder in Prof. Weigh ton's engine used as a triple with 
cylinders 7 inches, 15^ inches, and 23 inches, upon the cards from 
the 10^ inches and 15^ inches cylinder when used in the quadruple 
engine with cylinders 7 inches, 10 J inches, 15 J inches, and 23 inches. 
When the point of cut-off in the high-pressure cylinder is the same 
in both cases and the volume at cut-off in the 15^ inch cylinder 
is the same as that in the 10| inch cylinder, we might expect the 
admission pressure in the 15 J inch cylinder of the triple to be equal to 
that of the lOj inches in the quadruple. It will be found, however, 
that the card showing the expansion carried out in the one cylinder 
with the early cut-off shows a considerable loss when compared with the 
cards showing the expansion came 1 out in two cylinders. I prepared a 
diagram to illustrate this point some time ago, but regret that I cannot 
at present lay hands upon it. When we make the cut-off in the inter- 
mediate-pressure cylinder later than a certain point, the horse-power 
becomes smaller. This is most probably due to the reduction in card 
area, as seen in combined diagrams, from the excessive drop at release in 
the high-pressure cylinder. Of course the reasoning I have given above 
refers solely to the changes in the indicated horse-power. The brake 
horse-power must, in addition, be altered by such effects as Prof. 
Weighton observes on page 68. If we neglect, tlien, for the time, the 
consumption, and consider only the power develoj^ed, we see that there 
is one particular point of cut-off in the intermediate-pressure (^liiuler 
which gives the most power. To cut off earlier than this point means 
loss by excessive condensation in the cylinder or wire-drawing of the 
steam during admission, to cut off later moans loss by excessive drop 
between the high-pressure and interniediate-[r<'ssuro cylinders. If, 
therefore, the consumption increases as the intermediate-pressure cut off 
becomes later, and the horse -power attains a maximum and thiiu 
diminishes, there must be some best point of cut-off where we shall use 
the least water per horse -power per liour. 
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The reason why n later cat-off in the low-pi^easure cjlinder iocreaa^ 
the conaomption must also be due to the fact that a late cut-off in the . 
loTV -pressure has the effect of lowering the pressure in the firat rcdeivera* ' 
This can he seen by comparing Diagrams IS and 15 (Plates XV. and 
XVI L). The rate of iucreaac of the feed is, however, emaUer than when 
the changes are made in the intermediate-preiiwiure cylinder, m the 
altemtions in the firat receiver pressure . are now merely a secondary 
effect. 

I have used diagrams similar to N(B. 9 and 10 ( Platea XI. and XII.) 
to help me in fixing cylinder ratios, as follows:— I first fixed up on the 
total expansions required, and assumed a ratio of cylinders, taking account 
of engines pre\iou8ly made. The points of cut-off were then fixed from a 
diagram similar to No. lOj and the probable expanded cards drawn. With 
previous engines to go npon/one can quickly get an approximate card that ' 
will not be very different from what would obtain in practice, I then tried 
wbiit initial loads this arrangement gave on the pistons, and if they were 
unequal in the different cjlindars I fixed upon other ratios, and tried 
them again. In this manner it m possible to fix upon a ratio of cylindei-s 
that will work well, aud to know that although it may not be the very 
best so far ag water per horse-power m concerned, yet if the i^ints of > 
cut-off are fixed according to Diagram 10, it must be very near the beat 
I entirely agree with Prof, Weighton when he mentionfi that there is no 
marked evidence that maximum economy is associated with equality of 
powers or equality of temperatare ranges in the several cylinders. The 
temperature range of the hi<^h pressure cylinder is the only one that 
C4*n have any marked effect upon the consumption, and should be kept 
as small as possible. . . 

Trusting that these remarks may prove of interest, and tend to 
produce further discussion. 

Yours faithfully, 

A. L. Mkllanby. 



PROF. WEIGHTON'S REPLY. 

Prof. WfiiGHTON, replying to the discussion, asked first of all to 
l)e allowed to say how much obliged he was personally to those who 
had taken part in tlie discussion, and especially to those who had sent 
written communications. He would deal with the different speakers 
ill their order. 



► 
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Mr. Jennings had contributed three tables, which were numbered 
Vr, VIL, and -VIII., pages 76 and 77. In the first table occurred the 
heading,' "Actual best cut-off." He would like, before proceeding 
farther, to ask what were the means employed to find the " best " 
cnt-off in the several engines referred to ? 

Mr. Jemnings— I took the cuts-off as shown in the indicator 
diagrams. 

Prof. Weighton— The cuts-off tabulated as "best" Mr. Jennings 
had obtained from measurement of the indicator diagrams. Because 
they were the "actual" cuts-off, Mr. Jemiings had apparently assumed 
they were also the " best." This, of course, did not by any means follow, 
else there would be no need for experimenting on the subject. He 
(Prof. Weighton) would submit that the cuts-ofli in Table YI. should 
not be called " best," but simply " actual " cuts-off. Nothing whatever 
could possibly be learned from inspection of indicator diagrams in regard 
to the best cut-off. The "best" cut-oflF was that cut-olf with which was 
associated the minimum quantity of steam per brake horse-jiower, and it 
was obvious neither the steam used nor the brake horse-power could 
be obtained from indicator diagrams. He failed to see, therefore, that 
Mr. Jennings' tables proved anything whatever. They could only serve 
to show how near practice in some cases had approximated to the 
formala of the paper, and how far in other cases it fell short of it. The 
precise object and meaning of some of ]\rr. Jennings' remarks were 
difficult to understand. Like the writer in the Enginefr (referred to 
later on), he would seem to prefer to have the entire qnestion of the 
steam engine as a whole solved completely and at once without further 
delay. He was not content to have the diHiculties tackled one by one. 
He said that the "formula was of very little assistance unless they had 
some idea of the best cylinder ratios." The question of the best cylindei* 
ratio, or whether there was any " best," had not yet been solved, and 
before its solution could even be approached it was absolutely necessary 
that the best cut off in the larger cylinders should be known. But 
independent of this, engines must in the meantime be built having some 
particular cylinder ratios, and surely a knowledge of how to get the most 
out of any given ratios— be they the best or the worst — must be of 
considerable assistance to a designer. Again he said, '' One of the most 
noteworthy points raised by the paper was the inefficiency of the steam 
jackets." Now this was precisely one of the points which was not raised 
by the paper. Like many other points, it was subject of an inquiry 
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entirely different from the avowed object of the paper. No comparison 
conld be made betwtien Tables 11. and III., pa^e 71, bectuise the condi- 
tions were not identical, In Table IL the steani preesiire was 210 
pounds, the liigh-pressui'e cut-off waa 12 iuchea, and the receivers were 
drained ; while in Table III. the pi'eaBure waa 200 pounds, the high- 
pressure cut-off was 10 iaches^ and the rec^^ivers were not drained at all, 
Varlationa such m these affected the results in a eompamtive sense very 
fierionsly, and quite invalidated any conclusiona drawn as to jacket 
efficiency under the circumstances. 

In the paper read by Mr, JamcB Andrews, linking-np waa recom- 
mended when necessary, in the second and thii'd cylindeii? of tripk'S, 
to secure equality of powers* In the paper before us, linking-up in these 
cyliudej"^ was shown to be incompatible with maximum economy, 
assuming that the cnts-off were spitably arranged with this object to 
bep:iu with. He failed to discern any mconsisteucy here between what 
he had said in dhcussmg Mr, Andrews' paper and the results of the 
present jMiper, 

Mr. Jennings asked a question with regard to the engines in his 
Tabic Vil. The answer was that in as (ht as these engines were not 
v^orking with the cutB-oJT prescribed by the formtda, they were working 
nt less than maximum economy in the circumstances. With rcgaj-d 
to the thii^d example in Mr* Jennings* Table VIIL, which engine 
was said to require 16 lbs, of water per indicated horse-power, how 
did Mr< Jennings know that thi» engine would not ha%"c been im[U'oved 
in consumption had tli« low*preasur« cut-ofT been arranged according to 
the formula ? Had this cut off been at 36 per cent, instead of 58 per 
cent., the water consumption would have been lowered from 15 lbs. 
to about 14*4 lbs. This is the amount of saving which was shown 
by the results of the paper in a similar case. He (Prof. Weighton) 
did not think any useful purpose would have been served by giving 
the cuts-off top and bottom of the cylinders. Such details would 
probably only have served to obscure the real issues of the paper, and he 
had purposely omitted all such. 

He was obliged to Mr. Ferrier and to Mr. Griffith for their 
comments. He was specially beholden to the latter gentleman, for 
the very scathing and convincing criticism to which he had subjected 
their friend tlie writer of the article in the Enfiineer. After what had 
been said by the several speakers, he did not intend to further deal with 
til" article in question, except to say that it had never occurred to 
himsL'lf that there was any need for justifying the implication in the 
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paper that the results were legitimately applicable to other engines. The 
results were relative, not absolute —qualitative, not quantitative— and 
this being so, they were fairly applicable to all engines not dilTering from 
the experimental engines in any essentia or vital feature. 

Mr. Griffith's doubts as to the sufficiency of the experiments in 
regard to receiver capacity he could quite understand, seeing that only 
one variation was made in this condition. He thought, however, he was 
quite justified in drawing the conclusion he did in the paper. Examina- 
tion of the curves of water per brake horse-power in Diagrams II. and 
VII. (Plates IV. and IX.) showed these curves to be of the same general 
character, and if a doubled capacity had no material effect, he did not 
see how a capacity increased in any other ratio — within the limits of 
practice— could ba expected to have a material effect. Further, in 
practice most engines would fall within the limits of the experiments, 
very few indeed having smaller receivers than that in use in Diagram 
II., and none having larger than that in Diagram VII. For these 
reasons he concluded he was justified in not pursuing the point further 
than he had done in the trials recorded. He might mention that the 
results given in the tables did not by any means represent the whole of 
the work which had been done in connection with this question of cut-o.'f 
in the larger cylinders. Over 160 individual trials, each of from half 
an hour to one hour duration, had been made with the view of solving 
this one point. 

Mr. Patterson asked how the results bore on the normal indicated 
horse-power rule. He (Prof. Weighton) had given no consideration 
to this aspect of the question, but so far as he could sec at the moment, 
he thought there was at least nothing in them inconsistent with the 
basis of the nile referred to. 

With the observations contained in Mr. Mellanby's communication 
he entirely agreed. This was a subject of which Mr. Mellanby had made 
a special study, on engines both in this country and in Canada, and his 
remarks well deserved careful consideration. 

The President was sure they would join him most heartily in 
giving a sincere vote of thanks to Prof. Weighton for his paper. It 
would carry them forward in their knowledge of engines, and give 
them something for study. 

The vote was accorded by acclamation. 

VOL XVI -woo. 7 
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THE DISTRIBUTION OF MATERIALS IN THE UPPER 
WORKS OF LARGE STEAMERS. 



By SAMUEL J. P. THEARLE, Pkincipal Subteyob to Lloyd's 
Rbgistbb, Nbwoastlb-upon-Tyvb. 



[Biad bbfobe THi IifSTiTUTioy, iJT Nkwcastlb-upon-Tyne, 
OK Fbbbuaby axD, 1900.] 



The growing tendency to build very much larger cargo steamers than 
formerly, and to place extensive superstructure upon them, has rendered 
it necessary to give increasingly careful attention to the distribution of 
the materials throughout their upper works. 

In some cases these extensive erections are intended as permanent 
shelters for cattle or horses, while in other cases the multipliciition of 
superstructures are due to circumstances having more relation to laws 
for tonnage measurement than to any other cause. But whatever may 
be the reasons which will account for vessels being built so much larger 
than formerly, or for their being surmounted with shelter decks, long 
bridge houses or the like, the fact remains that these are the kind of 
vessels we now have a very great deal to do with, and in the upper works 
of which a suitable distribution of materials is required. 

Until a comparatively, recent period it was considered proper to view 
the upper deck of a vessel with its sheer strake, stringer and deck plating 
as the upper member of a floating girder, and any erections built upon it 
were considered of sufficient strength if able to resist blows from the sea. 

The chief function of the bridge house, then, was to cover the engine 
and boiler openings, afford space for officers' rooms and stow some bunker 
coal. It was, therefore, made of no greater length than was necessary 
in order to fulfil those purposes and, as a consequence, it covered but a 
small fraction of the vessel's length. 
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It was not considered that such a short erection as this conld con- 
trlbntc much towards the strength of the floating stmctnre, and hence 
no attempt in that direction was made. 

Only in vessels of great proportion of length to depth was a structure 
covering half the mi iship length required, and this erection had to be of 
a substantial character in order that the materials in it might be really 
contributory to the vessel's longitudinal strength, by deepening her 
effective girder within that half-length. But during recent years causes 
have operated tending to considerably increase the lengths of the super- 
structures on the upper decks of, not only exceptionally long vessels, but 
also of those having ordinary proportions. 

Without discussing these causes, it may be said that some of them 
are such as should in no way influence the design of merchant steamers, 
although under present conditions it is inevitable that they must do so. 

It is to be regretted that the designs of vessels should be based, not 
upon what is intrinsically good, but upon that which tonnage laws make 
profitable. Fortunately, however, in the cases of shelter decks and long 
bridge houses the outcome is good, and it would be better were it not 
that tonnage laws encourage unenclosed spaces where enclosed ones would 
be preferable. 

In order that long bridge houses may be able to resist the stresses 
which come upon them, as the upper members of a girder, it has been 
found necessary to make them of stronger scantlings than were given to 
the short bridge houses formerly fitted, and even relatively short bridge 
houses have been found to need scantlings and riveting in excess of what 
was formerly thought suflicient. In various ways the fact has been im- 
pressed upon the shipbuilder that the materials in a structure raised upon 
the upper deck of a steamer must experience even a greater intensity of 
stress per unit of sectional area than those of the deck upon which it 
stands and to which it is attached. This is the case when the super- 
structure does not extend to the sides of the vessel, and is still more 
marked when it does. 

The time has passed when such deck erections would be constructed 
of teak only, and be supposed suitable for the accommodation of 
passengers on an ocean voyage of several weeks' duration. 

Nor is it likely that satisfaction will again be found in an arrange- 
ment which saves such superstructures from straining and leaking by 
ciittinu: them wholly across and allowing the parts to work freely among 
til ni-clves : even although watertight sliding joints may be provided. 
These things, as is well known, have been done in the past, when 
experience was not so large or as correctly informed as it now is. 
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To-day there is no excuse for compromises or failures of that kind. It 
is within the capabilities of sliipbiiildei-s to erect superstructures as 
long as an owner's requirements may demand, and to build them with 
gangway doors and other openings to suit the necessities of his trade, 
while at the same time making tliem integral parts of the vessel, and 
rendering the entire structure the stronger for their presence. 

Shelter decks and awning decks may, indeed, be valuable elements of 
strength to a vessel as they have always been of seaworthiness, and only 
so far as the strength of such erections falls short of that of a normal 
upper deck with its associated side plating and framing, just so far need 
the height of freeboard be increased in a laden vessel when such 
erections are fitted. 

The value of such superstructures will, therefore, be especially evident 
in the cases of vessels wherein stowage capacity is of more importance 
than deadweight carrying capability, as in cattle ships or those which 
carry meat in refrigerating chambers. 

Viewed in comparison with the temporary wood protection usually 
provided when cattle is carried on an upper deck, the provision of a 
shelter deck has everything to commend it, and in vessels bringing 
frozen mutton and beef from South America and the antipodes, the 
unmeasured space between the shelter and upper decks can always be 
advantageously filled with light goods and bunker coal. 

That economical advantages are found in the u-e of this type of 
vessel is evident from the great number of them that have recently been 
buDt and the many that are still in hand. Similar reasons will account 
for the many vessels having part shelter decks, and for those with 
lengthy but disconnected deck erections which always include a long 
bridge house. 

Attention has been forcibly directed of late to cases in whic^li stresses 
that might not have been of sutficient intensity to deform the materials 
of a steel upper deck have yet given rise to much deformation in the 
materials of shelter, awning and bridge decks. In one vessel with a 
cambered keel, which was docked upon hard, straight blocks, it was 
found that the originally smooth and fair shelter deck plating was 
buckled to a depth of 1^ inches between two consecutive beams, at a 
frame spacing apart, at about the middle of the vessel's length. When 
the vessel floated, a half of the l)uckle came out, and the whole was 
subsequently removed. And yet the most careful sighting showed a 
vertical change of form of only 2 J inches in a length of 400 feet between 
the dry docked and the floating condition of the vessel. 
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In another case of a vessel having a cambered keel, docked upon hard 
straight blocks, it was found that a part awning deck was buckled to a 
depth of 1| inches between two consecutive beams at a frame spacing 
apart. 

Upon sighting the deck when the vessel was on the blocks, and 
afterwards afloat, it was found that a vertical change of form of only 
1^ inches in a length of 240 feet was capable of producing so deep a 
buckling in the plating as If inches. 

In both these cases a portion of the camber of the keel was accounted 
for by the latter being embedded at its extremities in the cap blocks, 
so that only 2| inches in one case and 1^ inches in the other were 
operative in producing the buckle in the deck plating. 

In yet another case a tie plate in a bridge deck was set down | inch 
below the wood deck when on blocks as compared with its condition 
when the vessel was afloat. Careful sighting showed that the vessel had 
sagged only | inch in a length of more than 300 feet when dry docked. 
In all these cases the buckUng was in excess of what one might expect 
from so small a change of form in the length of vessel between the sights. 

It will be evident, then, whatever may be the straining tendencies at 
any time on the materials at the level of the upper deck of a vessel, 
those at a shelter deck will be seen still more in evidence, and this 
will be particularly the case if the materials in the shelter deck and its 
side plating are inadequate for the work they have to do. 

The same remark ajiplies to a bridge deck or any other long erection. 

Now, in dealing witli this question one desires to do so without any 
wasteful use of materials. One would prefer to transfer rather than to 
add when considering the scantlings. Of course, if a brid!j:e or shelter 
deck be placed upon the upper deck of a vessel it is inevitable that the 
total weight of the hull will be increased thereby, but such increase is 
fairly balanced by the additional immersion allowed in consequence 
of the buoyancy aiVorded by the erections. Indeed, the additional 
immersion doubtless covers not only the weight of the erection, but that 
of the carii^o carried beneath it. If the erection be of a substantial 
character t\ui depth of the elTective girder is increased, and consequently 
the intensity of sti'ess on the upper deck sheerstrake, stringer, deck- 
plating-, etc., will not be increased concurrently with the extra dis- 
])la('enient. 

^laLerials which would otherwise be necessary at the level of the 
njipei- deck may now, in part, be advantageously transferred to the level 
ol the shelter deck or to the level of a lonu brid'ic throughout the 
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portion of the vessel's length which that erection covers ; only that in 
the case of a long bridge it is further necessary to double the upper 
deck sheerstrake at the ends of the bridge to prevent the weakness of 
discontinuity at those places. 

In large steamers of considerable proportions of length to depth, 
which ordinarily would have the upper deck sheerstrake doubled for 
three-fourths length, it is preferable to fit that doubling only from about 
10 feet within bridge at each end to the three-fourths length, and to 
transfer the materials in the remainder of the doubling to the bridge 
side plating. A similar course is desirable in regard to the additions 
for proportions in the stringer plate and the strake below sheerstrake. 

Where shelter decks or awning decks are fitted the whole of the 
additions made to normal scantlings on account of proportions should 
similarly be transferred to the shelter and awning decks. 

It might perhaps be urged that as a shelter or an awning deck is 
really the top member of the girder, it would be proper to increase the 
scantlings of shelter deck plating, stringer, and sheerstrake to what are 
ordinarily adopted at the upper deck, and to correspondingly diminish 
the latter. Such a course is commonly adopted at spar decks, but in 
that type of vessel all the frames and a half of the reverse frames are 
extended to the spar deck, and consequently the plating of side is 
sufficiently stifiFened and supported to enable it to develop its full 
efficiency. 

To correspondingly increase the framing at a shelter deck would be 
to make the latter no longer what its name implies. It would, in fact, 
be equivalent to giving the vessel, say, 8 feet greater moulded depth on 
the same length, and consequently be an entirely different design. The 
vessel would certainly be stronger, but probably not so well adapted for 
her owner's requirements. To extend reverse frames to the height of a 
bridge deck would also be utterly out of the (juestion. 

Hence there is a limit beyond which materials cannot be properly 
transferred from an upper to a shelter or bridge deck. 

Indeed, in any case wherein such transference is made it is most 
important that partial bulkheads, or web frames, should be fitted at 
convenient intervals between the two decks in order to enable the 
comparatively thick plating in the upper works to develop its full 
structural value. 

Plates XVIII., XIX., and XX. show specific cases of the kind which 
have been alluded to in the paper. 
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Fig. 1 (Plate XVI 1 1.) shows a long bridge standing on a spar deck. 
The vessel is of large size, and of large proport'ons of length to depth. 
Ordinarily she would require a doubling to main deck sheerstrake for 
three-quarter length and a doubling to the strake below for half-length, 
besides a doubling to upper deck stringer for three-fifths length. The 
bridge side plating would be -^^ inch thick. 

The principal scantlings have, however, been transferred from the 
main deck to the spar deck ; and beyond that a further transference has 
been effected by using the material in the doubling to the strake below 
sheerstrake, a portion of doubling to sheerstrake, and the doubling to 
deck stringer, in thickening the bridge side plating, the spar deck 
stringer and bridge stringer, besides fitting a /^ inch steel deck on the 
bridge. The spar deck stringer is less in thickness within the bridge 
than it is outside, and the breadth of 24 inches, to which the spar deck 
sheerstrake doubling is reduced within the bridge, is retained chiefly as 
compensation for the extra large side lights which, as will be seen, are 
very numerous in this passenger steamer. The general principle 
underlying the distribution of material is obvious. 

The thick plates at ends of lower strake of bridge side-plating are 
fitted in order to eflBciently transfer to the bridge sides the resistance to 
longitudinal stresses offered by the heavy spar deck sheer-strakes. 

Fig. 2 (Plate XIX.) shows the upper works of a shelter deck steamer, 
and two sectional views are drawn, one of which indicates the distribu- 
tion of materials which would have Ijeen adopted had the erection been a 
short bridge house, and the other shows the actual scantlings in the 
vessel. It is not necessary to refer to these in detail, but a glance at 
the plans shows the general principle underlying the transference of 
materials from the upper deck to the shelter deck in this case. The 
result has been the production of a substantial erection litted to resist 
such considerable stresses as inii'ht l)e likely to come upon it when the 
vessel is laden. 

Fig. 8 (Plate XVII 1.) shows a case which differs from that represented 
in Fii^;. i\ inasmuch as it is formed of several unconnected structures, 
includiiiLr a ])()n]), forecastle, and a lonir bridu'c. The last-named covers 
ahout a half the vessel's length amidships, and c()nse(iuently it has been 
stilVfiied up hy the tiTinsfei'enci' of materials fi-oiii the np])er deck to the 
extent indicated iijton the plan. 

In each of t\\"<v e.ises the pi'iniary pnrpose of the eivction is to 
proti'ct cattle Iterthed on the uj)}»er deck. 
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Now, simply as a covering for cattle, and to stand the knocking about 
experienced at sea, the materials, if of steel, need not have been very 
stout. To afford an equivalent, only, to the ordinary wood coverings 
fitted on cattle steamers would have required but a very flimsy erection, 
and even a permanent cover would not have demanded thick scantlings 
if regarded only as a cover. But when incorporated into the vessel, and 
made an integral part of the floating structure, the case is altered. 
Unless one is prepared to se3 it continually being buckled and torn ; 
unless one desires to be everlastingly caulking it and trying to keep the 
water out ; and unless one is content to carry about a perpetual source 
of trouble for which no underwriter would assume a risk why one must, 
as an alternative, make it substantial. 

Another matter which, in most cases, is associated with this type 
of steamer demands attention. Being intended for carrying cattle, it 
necessarily follows that gangway doors have to be provided for getting 
these animals on board and ashore. Such doors must necessarily be of 
large size, and to cut such openings in upper works specially strengthened 
as these are is a very serious matter. 

It is a great pity it should have to be done, but if the exigencies of 
a vessel's employment demand it, why the naval architect has to bow 
submissively, and find some way of maintaining the continuity of 
structural strength at these gaps. 

The plans exhibited show such openings and the compensation 
which experience shows to be sufficient to prevent tearing of the side 
plating thereat. The subject of " The Stresses at the Discontinuities 
in a Ship's Structure " is mathematically dealt with in a very able paper 
read at the last spring session of the Institution of Naval Architects by 
Mr. J. Bruhn, one of the writers J^ondon colleagues, to which attention 
is invited. 

Mr. Bruhn shows in that paper the directions taken by the lines of 
stresses when they approach an opening of this character, and he further 
shows the most simple and efficient means of succouring the structures 
80 as to resist rupture at these places. The means which mathematical 
investigations would suggest are precisely those which are commonly 
adopted. The stresses to be resisted when in a seaway are alternately 
tensile and compressive, and of these the tensile, which are the most 
important, are at a maximum on the upper edge of the shelter deck 
or bridge sheerstrake. It is therefore essential that the first tendency 
to rupture should be stoutly resisted, because until rupture commences 
it cannot proceed. 
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Upon that account the doubling plate fitted above the doors should 
extend to the top of the sheerstrake, and if any cope iron mouldings 
aro riveted to it, on no account should they be butted at or near the 
gangway doors. For the same reason the butts of the gunwale angle 
bars should be kept clear of these places. This may appear to be a 
trivial precaution, but it is not, for within the past year several cases of 
rupture in the upper works have come under the writer's notice, 
originating at the butts of solid half-round mouldings, and in one 
cas'j the rupture extended through a plate and its doubling. 

It need scarcely be said that it is a most important matter in ship- 
building to avoid anything equivalent to a notch or a sudden break in 
the continuity of the uppermost strake, especially within the midship 
half-length of the vessel where the principal stresses are greatest. 

It is equally important to form gangway or cargo doors with bold 
rounded corners, the tendency to tearing being so much greater at a 
sharp corner or sudden break of continuity than elsewhere. 

More than this is, however, needed. It is not sufficient to stop 
doublings immediately at a line with the top or bottom of a large 
opening in a vessel's topsides. The doubling should preferably extend 
beyond, so as to protect even a round corner and prevent any incipient 
tendency to tearing. (See Fig. 4, Plate XX.) 

It is sometimes urged that no tearing will take place at the corners 
of these openings unless it commences at the upper edge of the sheer- 
strake. 

Sucli i^, however, not found by experience to be the case, and this is 
doubtless due to tlie fact that the rolling and pitching movements of a 
vessel cause very complex stresses to come upon her, and the least 
tendency of the side plating to buckle at the sides of a door when under 
compressive stresses might be accompanied by a tendency to tear at a 
corner of the door, where the slight buckling occurs. 

Hence, for this reason, it is found desirable to tit specially strong 
frames at the sides of these openings, either in the form of partial 
bulkheads or bulbs, in order to check the tendency to buckling that 
might otherwise be set up. 

V'vj:. 4 ( l*iate \X.) shows the compensation fitted at the top, bottom 
and sides of lar^;*: doors foi* the [)urposes already indicated. 

It is i>erhaps unnec:essary for anyone nowadays to olVer a word as an 
excuse foi' tittini: outside doubliiiL^s in the way of large openings in a 
vessels sides. Prol)al)ly no one now thinks them ugly any more than 
they would so describe la])])ed butts or outside butt straps. On the 
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contrary, to many they afford an assurance of strength and a com iction 
that the builder of the vessel had fairly faced the necessities of the case. 
They create a feelinj; of additional security in the minds of tliose who go 
on board a vessel bearing such traces of thoroughness on her sides, and 
it is doubtful whether anything in a steamer can be considered ugly 
wl^ch is essential to her efficiency. 

The writer desires to now draw attention to the riveting suitable' to the 
various poi tions of the upper works. And in so doing it will at once occur 
to one that whatever description of riveting is necessary at the u])pcr deck 
of a flush deck vessel, is etiually as much needed in way of the shelter 
deck when strengthened sufficiently to do the work which is olTered to 
it. Hence double butt straps are re(iuired to the shelter deck .sheer - 
strake and stringer, and double riveting to the laps of the side plating 
in large vessels of this type. 

In long bridge houses, and indeed in any such erection entirely 
covering the engine and boiler spaces, since the maximum bending 
moments operate at about the middle of the bridge, it conseqiu^ntly 
follows that the butts in the bridge sheerstrake should be additionally 
strapped for at least the middle half of its leni^th. 

Similarly, as the shearing stresses operating on the bridge side are at 
about nil at amidships, and at a maximum towards the ends of the 
bridge, it also follows that double riveted landings are not required 
except at the bridge extremities. 

In bringing these remarks to a close, the writer desires to say how 
pleased he is to be able to testify to the ( -ireful manner in which the 
principles which he has brought before the Institution are being 
generally recognised in the work carried out on the Tyne. Indeed, some 
of the illustrations on the wall are taken from actual cases built on 
that river 

It is not supposed that anything contained in this ]»a[)cr will \)v. new 
to the members of this Institution, but it is thought that being ]>ut 
upon record in this way the opinions stated may lead to a profitable 
discussion. 

DISCUSSION. 

Mr. Archibald Hooo, in opening the discussion, said, since he read 
his paper, last session, on the strength of steamers, this was the first 
time the subject, or rather part of it, had been brought before the 
members, and he thanked Mr. Thearle for doing so, and showing what 
was being done to strengthen the erections of large steamers. 



98 DISCUSSION^— DISTRIBUTION OF MATERIALS IN LARGE STEAMERS. 

Mr. Thearle's paper referred primarily to large steamers, probably 
very large ones, but if the principal of transferring material from the 
upper deck to the erection deck was right for large steamers, it must 
also be right for smaller ones, hence there was room for some attention 
in this direction in all sizes of steamers. Mr. Thearle said, " it was not 
considered that such a short erection as this {i.p.y a short bridge) could 
contribute much toward the strength of the floating structure, and hence 
no attempt in that direction was made." And now he spoke of trans- 
ferring material from the upper to the erection deck. That was going 
in the right direction, but, while it improved the strength inway of the 
bridge erection, it did not increase the strength of the ship as a whole 
and thereby strengthen it for the extra draught gained by fitting the 
erections, including the poop and forecastle. The mere transferring of 
doublings was not a sufficient remedy. The general scantlings of the 
hull proper should require strengthening when these erections were fitted 
more or less according to the extent of draught gained, else the scantlings 
for a steamer without erections were excessive. A steamer with no 
erections was supposed to have scanthngs just sufficiently strong for a 
certain load draught. This draught was increased when erections were built 
on top of the upper deck, but there was no restriction as to the position 
of the erections, they might be mostly at the ends of the steamer, with 
a short bridge, the fore end of which might be at or near midships. 
Such erections could not be made to *' increase*' the strength of the 
ship. Now, although the ship had greater draught and had the erections 
to carry, the scantlings of the hull proper were lu'actically the same as 
before for the shallower draft, and especially so at a point say 10 feet 
forward of the bridge. That was equivalent to a reduction of scant- 
lings : the extent of reduction would be shown if they tried to find what 
extra depth of hull was re [uired in order to get the extra draught, if no 
erections were fitted. The extra depth would put the vessel into higher 
grades and thus increase the scantling, possibly all round, while at the 
same time the depth of the ship as a girder was increavSed. It was only 
when the erection was complete and became an awning deck that the 
numerals were increased, thus increasing the strength of the hull 
proper. AVlien shorter erections were fitted tiiese should be proportion- 
ately sti\'n<;tli(MK'd. 

As lo till.' x'antlinii's in way of the hridue, all the l()n,L!"itudinal 
ni;iicri;il iVom tli<* la-el to the hridiiv de -k need only be such that the 
>lits> })v'r xjiiare inch at the bi-idiie deck be the same as that at the 
upprr (leek at a point clear of the erection. 
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Mr. Thearle said that to extend reverse bars to the bridge deck would 
be utterly out of the question. He also said a little further on that it 
was important that partial bulkheads or webs should be fitted. Why 
are the latter important ? and why did he object to the reverse bars 
instead, that being the usual method of stiffening the shell ? Lloyds 
seem to have a preference for partial bulkheads, as they found in the 
rules that "where efficient partial bulkheads were fitted (on bridge sides) 
the alternate frames only need extend to the height, of the bridge deck." 
In his opinion, the bridge erection would be more uniformly stiffened 
and connected to the hull if the main frames and reverse bars were 
carried up. 

Referring to Fig. 1 (Plate XVIIL), the ending of the bridge deck 
and side plating seemed too abrupt. The first was stopped suddenly, and 
the side plating only was extended in broken steps and the edge left bare. 
The stresses on the bridge plating would be better transmitted if the line 
of the side plating were tapered down to the upper deck in a straight 
line from the bridge deck to a point, say, about 16 feet from the bridge 
bulkhead, and the bridge deck stringer, increased in thickness and 
properly supported and stiffened, was also carried down on the edge of 
this plating, turned at the foot along the upper deck sheer strake and 
properly connected thereto ; more or less stiffening, according to the 
size of the steamer. 

Referring to Fig. 2 (Plate XfX.), they had what looked like a 
transferring of material downwards from the upper deck. He would 
like Mr. Thearle to say what compensation was made to the longitudinal 
strength for lowering the middle deck stringer and deck plating about 
2 feet, making the 'tween deck height about 10 feet instead of the usual 
8 feet limit. A somewhat similar l)ut more pronounced case of 
lowering deck plating was that of a three-deck or spar deck steamer, 
which required by rule only one steel deck. According to the rules this 
deck plating may be placed on the middle deck, while the upper could 
be of wood. This was very convenient when the upper deck was specified 
to be of wood, but did not seem to agree with the principle of trans- 
ferring material from the upper deck to the erection deck. 

Referring to Fig. 3 (Plate XVIII.), in the way of the upper bridge 
deck. Was the total longitudinal material such that the stress on the 
upper bridge deck was not above the limit ? 

The bridge deck, even of a short bridge, being 7 feet 6 inches high 
alx)ve the upper deck, or say about 6 feet further away from the 
neutral axis of the girder, was liable to greater stress than the upper 
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deck, BO that, even when tharo was no extra draaghtj the total loDgi- 
tudiiial material should tre so arran^^ed that no material was straiiu^ 
above the limit, and when extra draught waa allowed, the strength 
on way of thu bridge and beyond should be made to suit. 

These were all the remarks he had to make, and he again thanked 
Mr, Thearle for i^enewing this subject. 

The dlB^maaion wad adjourned, and the meeting disBolved. 
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PROCEEDINGS, 



riFTH GENERAL MEETING OF THE SESSION, HELD IN WEST 
HARTLEPOOL, ON SATURDAY, FEBRUARY 24th, 1900. 



VISIT TO THE MIDDLETON SHIPBUILDING YARD. 

By the kind invitation of Messrs. Furness, Withy, & Co., Limited, 
the members visited the Middleton Shipbuilding Yard, West Hartlepool, 
on Saturday afternoon, February 24th, 1900. There was a large gather- 
ing of members, who, headed by the president (Sir B. C. Browne), were 
conducted through the Shipyard by Mr. Henry Withy, Mr. R. W. Vick, 
Mr. G. W. Sivewright, and other officials. 

Description of Shipbuilding Yard. 

This shipyard, though not one of the most extensive on the North- 
East Coast, is fully equipped with the largest and most modem type of 
shipyard machinery, and with the exception of certain machines specially 
adapted for working by hydraulic pressure, the whole of the machinery 
in the joiner, fitting, and other shops is driven by electricity. 

A leading feature in the shipbuilding yard is the extensive use made 
of travelling cranes, which have specially designed jibs. There are eight, 
varying in lifting power from 2 tons to 7J tons each. These cranes are 
utilised in the interior of the vessels building and on the upper decks for 
placing material in situ. In addition to ordinary shipbuilding operations, 
the firm manufacture steam winches and hand-steering gears, and have 
an extensive and well-equipped fitting shop for the purpose. Ship re- 
pairing is also extensively carried on, and in connection with this depart- 
ment the graving dock is noteworthy. It is 370 feet in length 4S feet 
wide, and will take in vessels of from 17 feet to 18 feet draught of water. 

VOL. XYI.->l9C-0. ^ 
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The arrangements for fittmgout vessels are most complete, coro pris- 
ing two deep" water quays 600 feet long, equipped with a 70 ton mam* 
moth crane, 50 feet high, 40 feet radius, and masting sheers. The 
estahUshmeufc is lighted throughout with the electric light, and the 
eleetrio instaUation includes portable electric drills and saws, and the 
driving of the hydraulic pumps. 

The electric power house attracted special attention, A triple ex- 
pansion surface-condensing engine, by Sir Christopher Fumess, Weet- 
garth tt Company, Limited, working with steam of 160 lbs. per squai"© 
inch pressure^ provided by two boDers of the ordinary marine type, and 
indicating S50 horse- power at 150 revolutions per minute, drives the 
t\vo main dynamos, which are capable of providing sufficient power for 
the various machines. These dynamos are of the drum-wound continuous 
current type, running in parallel, and are eacrh capable of generating 150 
hoi-fie-jmwer at 450 revolutiotiH, while the voltage is 1-20, There is also 
a separate plant consisting of n compoimd snrface-condensing engine 
working witli steam of 125 lb«. [ler square inch pressure and indicating 
140 horse-power, w^hich drives n dynamo utilised for either hghtini,^ or 
power purposes. The three dynamos, w^hich are belt driven, the Ijelts 
being of the leather link type, are till connected up to one switch l>oard. 
For the distribntion of power there arc 29 motors, ranging from 3^ 
horse-power to 51t horse-power. 

At the time of the visit the following ships were in process of build- 
ing and completion, all of which were intended for deadweiglit and 
general cargo : — 

Two 400 feet by 52 feet by 82 feet 1^ inches. 

One 370 feet by 51 feet by SO feet 10^ inches. 

One 840 feet by 47 feet by 29 feet 10 inches. 

Two 858 feet 4 inches by 50 feet 8 inches by 30 feet 11 inches. 

One 436 feet by 53 feet by 82 feet 8 inches. 



After visiting the shipyard, the members, numbering about 1 50, were 
entertained to tea by the firm, at the Royal Hotel, West Hartlepool. 
Mr. Henry Withy presided. 
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NORTH-EAST COAST INSTITUTION OF ENGINEEES 
AND SHIPBUILDEES. 



Sixteenth Session, 1899-1900. 



PROCEEDINGS. 



FIFTH GENERAL MEETING OP THE SESSION, HELD IN THE 
LECTURE THEATRE, TECHNICAL COLLEGE, WEST HARTLEPOOL, 
OX SATURDAY EVENING, FEBRUARY 24th, 1900. 



SiE BENJAMIN CHAPMAN BROWNE, D.C.L., J.P., Pbesident, in the Chaie. 



The Secretary read the minutes of the last General Meeting, held 
in Newcastle-upon-Tyne, on February 2nd, 1900, which were approved 
by the members present and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. W. C. Borrowman and G. W. Sivewright to examine 
the voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 
Eyres, Reginald J., Consulting Engineer, 8, Murton Street, Sunderland. 
France, Alfred Brown, Engineer, 12, Bright Street, Middlesbrough. 
Hunter, Joseph Gilbert, Surveyor, 29, Regent Quay, Aberdeen. 

ASSOCIATE. 
Lord, W. R., Master Mariner, 41, Queen's Road, Jesmond, Newcastle-upon-Tyne. 

GRADUATES. 
Berriman, A. E., Engineer, 12, Roxburgh Place, Heaton, Newcastle-upon-Tyne. 
Melville, James, Engineer, Duke Street, Barrow-in-Furness. 

Wraith, Herbert O., Electrical Draughtsman, 20, Granville Street, Gateshead-ou- 
T^-ne. 

The President, in opening the proceedings, said he had a pleasant 
duty to perform first of all, namely to propose a hearty vote of thanks 
to Messrs. Fumess, Withy, & Co., for their kind hospitality that after- 
noon. They had shown them their works, and treated them most 
hospitably and kindly, and he felt that their most hearty thanks were 
due to the firm. He must say in one way the Hartlepools set an example to 
the North of England. When the Hartlepools members came to New- 
castle they were not shown the works, nor were they entertained. 
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but when the general body of members came to the HfirLlepook they 
were always received in the heartiest amd kindest manner. He alwaTs 
looked back upon the Hartlepools nieetiug with pleasure. I^fr, Witliy's 
firm was canying on the good traditions of the pltice mo&t worthily. 
He waB Bure he only expressed their united wish in proposing a hearty 
%*ote of thanks tf> Mn Withy for the kind way in which they had beiiii 
received, and would aak theb zealous friend Mr. Fothergill to second 
the proposition. 

Mr, J. R, FoTHBRorLL (Vice-President) said it was a great pleasure 
to bini to be asked to second the vote of thanks so ably proposed by the 
Prtssident* It gave him the opportunity of personally expressing bis 
thanks to Messrs. Furoess, Withy, 6c Co., Limited, for having thrown 
open their works on this occasion. He also had pleasure in saying he 
Ijad never approached any firm in this district l>nt he had found them 
always i-eady and willing to thi'ovv open tlieir gates that niembers might 
have the pleasure of seeing their works and HCquainting themselvea with 
what was Ijeuig done. That certainly showed n more enlightened a^e, 
broader news, and a great improvement compared with the days not 
many years ago, when it was almost impoaaible for an outsider to lit 
admitted beyond the gates of any fii'm. He had great pleasure in 
seconding the resolution, 

Mr. H. Withy said he was sure it bad been a source of Batisfactlon 
to them to see such a large meeting, and to have the visit to their yard. 
They did not see them often, ]mt hoped it would not be long before the 
Institution came again. He thanked them for their appreciation. 

The President said he would like to express how much 
they were indebted to Mr. Fothergill for all the trouble he had 
taken in connection with this meeting. He was the most regular 
attender at Council Meetings, and as for their meetings at West Hartle- 
pool, his kind services were simply invaluable. He was sure they would 
wish to thank him for what he had done on the present occasion. 

Mr. RoBT. Thompson was very pleased to second the vote of thanks. 
He could bear testimony to the good time they always had during his 
presidency, at the meetings in the Hartlepools. The papers had always been 
intellii^^ently discussed, without any feeling of fear, there being perfect 
openness in all the remarks made, and considerai)le value added to the 
proceedings of the Institution. Mr. Fothergill bad, indeed worked hard 
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for it. It had always been a pleasure to him to come to the Hartlepools 
meeting, and that day he felt that he must come again. He was glad to 
be there, and to thank Mr. Fothergill for his earnest and loyal services to 
the Institution. 

The votes were accorded by acclamation. 

Mr. J. R. Fothergill said he deeply appreciated the kind words 
said by the President and Mr. Thompson, and he thanked the meeting 
for the way in which they had received them. He was afraid they gave 
him credit for a great deal more than he deserved credit for. As he said 
before, any firni that he approached readily and willingly responded to 
his request to throw open their works. So it was in this instance. He 
felt such visits offered social opportunities by which members met and 
got thoroughly into touch with one another. Then there was the 
advantage of being able to see and compare what different firms were 
doing, and he felt sure they would agree with him that what they saw in 
this district would well compare with any other district, and that we 
were well up to date in all modern appliances. He had also to confess 
there was a third reason which had some weight with him, for he found 
such visits were conducive to good meetings, and he did feel when 
gentlemen gave the time and consideration they did to the wi'iting of 
valuable papers it was most discouraging and disheartening to have to 
read such papers before a small meeting. He was, therefore, 
exceedingly pleased to have heard the expression that the Hartlepools 
meetings were a success and enjoyable. He might add, in conclusion, 
that although he was deeply interested in the Institution, and was 
always ready to do what he could to promote the welfare of the 
Institution, yet he fully recognised that whatever he was able to do was 
due to the strong and influential position the Institution had attained, 
and which he hoped it would always maintain. 



The Discussion on Mr. S. J. P. Thearle's paper on " The Distri- 
bution of Materials in the Upper Works of Large Steamers," was 
resumed and adjourned. 

Mr. W. C. Borrowman read a paper on " Some Considerations 
affecting the Training of Young Engineers." 

A discussion followed, which was adjourned. 
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DISCUSSION ON MR. S. J. P. THEAELE'S PAPER ON "THE 
DISTRIBUTION OF MATERIALS IN THE UPPER WORKS 
OP LARGE STEAMERS." 

The Secretary read the following communication from Mr. Archibald 
Denny, Dumbarton : — 

Dumbarton, Feb, 22, 1900. 
Dear Mr. Duckitt, 

Lloyd's Registry is a consen^ative body, and does not rapidly 
advance with the times, and while we on the Clyde always recognised 
Mr. Thearle as a man of independent judgment, still as a faithful 
servant of his Society, it is perhaps inevitable that he should be some- 
what affected by its traditions. His paper, I think, expresses this 
feeling, as he is not whole hearted in the way he attacks the problem of 
vessels with complete superstructures. The ocean will pay no attention 
to what name you choose to attach to this deck, it will bring the 
greatest strain to bear upon the upper member of the vessel whatever it 
is called. 

I disagree with the seventh paragi'aph of his paper, page 90, in which 
he summarises his conclusions on this head. I think it is quite proper 
to urge that as the shelter or awning deck is really the top member of 
the girder, it is proper to make it so, and I can see no reason why ** it 
is utterly out of the question to extend the reverse frames to the height 
of bridge deck " (page 93). Freeboard which gives draught is the ruling 
factor in these matters. The two limits of the freeboard are : First, a flush 
deck vessel ; and second, an awning deck vessel, or, as it is known by 
the Society with which I am more intimately connected, a complete 
superstructure. If an owner contracts for a vessel of certain depth to 
the weather deck, which is without further erection, and which in this 
case is a shelter or awning deck, and if he does not desire to have any 
greater draught than would be given by the freeboard pertaining to the 
awning deck, then there is no reason why there should not be a 
complete redistribution of the material, remove the heavy material at 
the usual upper deck level, in the sheer strake, stringer, doublings, etc., 
thicken the sides, upper edge and deck of the shelter deck ; carry all 
the frames, and wide spaced reverse frames to this deck, then with much 
less material than is required by the old-fashioned inefficient method of 



huildm^ a structure of the band-box type on top of the heavy material 
afc the upper deck, you will have a vefisel BuLtable for the work, aixl a 
weather deck which will staud all the strains that come upon it. If the 
owner, however, desires a deeper dra«o:ht tljan this, then the acantlings 
should be iucreasedj to meet the inereastid bending moment so as to give 
an equal stress per square inch of material, as ohtaiued by the M.L 
calcniutions, on the weather deck, ujitLl the limit of draught possible of 
the vessel would be a full scantliutj vessel to the weather deck. This 
appears to me to be a broad ground to go upon. If this shelter deck is 
mailc discontinuous by large openings, then the upper deck should be 
made the strength deck, unless any part of this shelter deck is of great 
length, then it should Ije dealt with as described by Mr. Thearle in the 
previous paragi^aph. 

Assuming his views to be properly expressed in this paragraph, then 
he is not logical in the last paragraph of page 90, where be says ; — 
" Nor is it likely that satisfaction will again be found in an arranjremenfc 
which saves such stiperstructarea from straining and leaking by cutting 
them wholly across and allowing the parts to work freely among them- 
selves, even although watertight sliding joints may he provided." This 
was done in a notable instance by my firm in the case of a vessel of 4^0 
feet by 48 feet by 3^ feet, built in the year 18B8, and hod we to repeat 
these vessels to-day^ I would recommend the same thing to be done again. 
It was essential that this vessel, which was of tine form, and great power 
and speed, should carry as much deadweight lis possible ; the draught 
was limited, and an increase in di-augbt had the freeboard roles then 
been in force, by making the bridge structure continuous, could not be 
made use of. 

As early as 1883, in a vessel 410 feet by 45 feet by 31 feet, with a 
bridge 158 feet long, my firm having had unpleasant experience of 
similar vessels, decided that it was necessary to make such a bridge an 
integral part of the structure, and the top of that bridge was plated, 
the sheer strake of the bridge was increased gradually towards the ends, 
and the strength tapered down into the main sheer strake of the vessel, 
with the best results. Incidentally I may mention that this was the 
result of six months' experience in Liverpool, where I was sent by my 
late brother William, to study the morbid anatomy of shipbuilding, and 
where I had the privilege of being an honorary member of Lloyd's 
Liverj)ool staff. Neither of the vessels mentioned were built to Lloyd's 
rules, the first was built to Veritas, and the second to the late Liverpool 
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R^istry, a society which was always open to consider novel suggestions 
by shipbuilders. At that time Lloyd's rules required the sheer strake 
to be doubled, if a long bridge was fitted, not beyond the bridge, which 
common sense would have suggested, but in way of the bridge, which 
was ridiculous, and from Mr. Thearle's paper, it does not appear 
that the rules have been altered in this respect even yet. 

In the 400 feet vessel referred to, in which the bridge was cut clean 
across, and a sliding watertight joint made, the bridge deck was not 
plated, as was found necessary in the 410 feet ship. I made a voyage 
in the former vessel, and in heavy weather the joint at the rail oi)ened 
and shut 5-1 6th of an inch, but the vessel has been entirely successful 
and is running satisfactorily at present. 

There are other statements in Mr. Thearle's paper which I might 
criticise, but I do not wish to make my remarks lengthy. 

In conclusion I do not feel that shipbuilders are much indebted to 
Lloyd's Register for any improvement in the design of these vessels, and 
that Mr. Thearle is really recording what has been done by shipbuilders 
and other societies controlled by technical men. 

Yours faithfully, 

A. Denny. 

Mr. Arch. McGlashan, being called upon, said he would much 
rather not have said anything on this paper, because he had not studied 
it sufficiently to do it justice. He gathered from a cursory reading of 
it that Mr. Thearle intended to place before them a summary of the 
developments which had taken place in the superstructures of vessels, 
partly due to the increased dimensions of vessels, and partly to the 
more varied requirements of trade. He, therefore, thought it a paper 
of very great interest. There was very little debatable in Mr. Thearle's 
statements, as far as he could gather, for he was not averse to concen- 
trating more of the strength of ships on the upper part, in continuous 
stringers and top sides. It would be well known to members of that 
Institution that the shipbuilders of the Hartlepools were well abreast in 
the movement to get rid of useless material concentrated lower down in 
vessels and have it put to the upper part, where the strains had to be 
met and provided for. The development of this principle had bt^en 
gradual ; perhaps it had been hindered by the conservative characiter of 
the rules to which reference had been made. 

It was well enough known to practical men that if they wanted to 
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break a rod or bar, and they made a cut or notch in the fiurfaoi of it 
where it waa to be broken, the operation waa made much easier, and it 
was Ycrj miieh the same with a ehip. In some trades they required ftir 
facilitating loiding and discljarging to have openings cut in the upper 
workB of ahips. These openinga were like the cutting of the surfar^L- of 
the bar which made it easier to break. He (Mr. McGlaahan) thought 
the arrangement set forth in the paper, eo far, overtime the weaknesses 
caused by these openings in a manner quite reasonable and up to date, 
Hfi believed, however, it would etjonomise material if, aa Mr. Denny's 
oommtmication pub it, the upper portions of vessels were treated more 
as the top of a girder, having more material concentrated there, and 
taking it away from other parts where it was not so effective. With 
regard to the Uluetrations, coming as they did from a representative of 
Lloyd's Register, the an^angement of the butts in relation to the large 
porta shown in P'lg. 1, Plate XVIIL, could not be considered satisfactory. 
In fact, one would think it was intended to further weaken the 
structure by placing the butts in the worst possible position. 

He thought the paper of congidt^rable value, and although the writer 
did not claim to put forward anything new, still it was a suggestive 
paper, and one that shipowners might familiarise themselves with, and 
flo avoid doing anything to weaken the upper parts of their vessels. Of 
course, the requii-emcnts of commerce were many ^d varied, and it was 
not so mii9h their business to dictate to the shipowners what they 
should have as to give them what they required, and make up for any 
hiequalities which might arise in Ciirrylng out their requirements. He 
had much pleasure in saying that this paper was valuable, and its 
contents should be studied and kept in view when arranging necessary 
openings in the top sides of such vessels as had been referred to. 

Mr. 6. W. SiVBWRiGHT, in referring to the paper and sketches, did 
not agree that it was a record of the best design of this type of vessel, 
and considered many of the details could be improved upon. For 
instance, he found it was very much better to carry the reverse bars up 
(in the shape of bulb angle or zed framing) to the top of the erections, 
whether shade detks, bridges, poops or forecastles. If these erections 
were backed up by strong plating, little or no trouble was experienced 
due to local straining, although large openings were cut in topsides for 
gangways, etc. ; but the idea of endeavouring to make up topside strenuth 
by lighter methods with the substituting of partial bulkheads was 
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altogether wrong, as these partial bulkheads localized the strains, causing 
considerable damage. The ends of the bridge plating, too, want 
treating in a different manner ; the abrupt termination shown would be 
certain to cause trouble. It was a very good plan to continue the bridge 
gunwale bar down the outside edge of curved plating and connect to the 
sheer strake. 

The paper, for reference, would be useful for members, and his only 
regret was that there was not more matter in the paper for discussion. 

The discussion was adjourned. 
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SOME CONSIDEEATIONS AFFECTING THE TRAINING OF 
YOUNG ENGINEERS. 



By W. C. BORROWMAN, Wh. Soh. 



[Read before the Institution in West Habtlbpool on Feb. 24th, 1900.] 



The material success of a country is so inseparably allied to its 
manufactures that ordinary business shrewdness has always suggested 
as necessary complete and adequate facilities for the training of young 
tradesmen. As early as the fourteenth century, there were instituted 
guilds and corporations for the purpose of protecting skilled labour, and 
for maintaining certain exclusive privileges, the violation of which, it 
was thought, would be detrimental to the public at large. These guilds 
were not merely confined to the trades of the time, but the learned 
professions as well were formed into self-governing bodies for the purpose 
of exclusively protecting their respective arts, and, as in the course of 
time these professions and trades multiplied, the teachers and taught 
combined to form corporations or universities, the teachers being the 
masters, the learners the apprentices. And in these mediaeval days it 
was no doubt as common to speak of the universities of carpenters and 
blacksmiths, as it is now to speak of the Universities of Oxford and 
Cambridge. 

There is no doubt that this system of apprenticeship, as instituted 
by these old guilds, was one of the chief reasons why we maintained so 
long the first place in manufacturing industries. Localities, as well as 
individuals, were noted for the excellence of their peculiar manufactures ; 
and even when, in some trades, the apprentice system died out, the 
beneficial influence was still experienced in those where it continued to 
be insisted upon. The pity is that along with the special training of the 
apprentice in handicraft there was not incorporated with it some system 
of technical education. The importance of the development of this 
technical side of education has now become fully recognised, and by 
none more so than by our leading political economists, who see in its 
progress the essential basis of the future industrial, as well as social, 
advancement of the nation ; they see that if besides his cunning hands a 
man has a well-stored mind and is technically educated, his value rises, 
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and he becomes of a stock of educated artisans upon whom depends, in 
great measure, the country*s proeperifcy. 

In engineermg, all thia has been especialiy true, as it is not too much 
to say that the commercml prosperity of our country has been largely, if 
not entirely, created by its engineers ; and if the prominence to which we 
have already risen aB a nation in industrial arts is to be maintained in 
the futurSj we must not fail to produce that material out of which good 
engineers ai"^ made. 

It is not only by pointing to the eomowhat low standard of our 
material success that we can ehow that hitherto thit^ has been po^ible, 
but proof is not wanting if we also consider the higher standard of the 
progress of engineering science. 

So much has recently l^ieen written of industrial progrtias and 
competition in other conntries and of how other nations are gradually 
overtaking, if not actually passing, ns in the industrial race, that our 
attention might not unprofitaWy be directed for a short time to-night to 
eonae of the educational requirements of our appreiiLlt-ei* and young 
tradesmen, and to some of the means of meeting thenh It k impoabiblc^ 
and tlierefore not attemptL*d, to lay down any hard and fast rule for 
guidance in such matters, but some thoughts are offered for the [nirpose 
of exciting critickm, and any fallacies thej may contain, it is hoped, will 
not go uncontradicted* 

It is now fully admitted that the training of an apprentice engmtxjr 
ahonld be twofold, and that carefnl inatructioij in principles as wull as 
experience in practice shonld be inchidLnl in it. This admission is so 
general that there is no need for enlarging upon it now. But where 
diversity of opinion does still exist is in what is the best method of 
dividing the time between the classes of the technical college and the 
departments of the workshops. Ignorance of the conditions awaiting 
him in the future and an almost entire want of knowledge of his 
own mental powers are frequently the causes of much misdirected 
effort on the part of a lad in his early efforts towards his education, and 
this is especially so when he leaves school to commence that training by 
means of which he is -to make his living in the future. He fancies 
eiiuint'trinir as a profession, or perhaps well-meaning parents, whose 
kiio\vlt'tlL^»i of his mental powers is even less than his own, fancy it for 
111 111, ami VI TV soon tliey find themselves facing the important (jnestioiis 
wlietlirr he should commence by acquiring practical knowledge and 
manual dexterity in some engineering workshop or go through some 
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accepted course of study in the classes and laboratories of a technical 
college. The time at his disposal as an apprentice is far too short to 
permit of him learning anything but a mere fractional part of what 
has to be acquired in any department of his professional knowledge, and 
hence he is still young in his professional career when he finds occasion 
for regret that he did not give more time and attention to that particular 
branch with which he is at the moment more concerned. His opinions 
of the relative values of theoretical and practical training oscillate from 
one side to another as certain technical questions arise. Now he realises 
that had he been better informed in the principles of his business, had 
he possessed a greater knowledge of physics and mathematics, his success 
would have been certain ; again he assures himself that his want of a 
wider practical experience is going to involve him in professional ruin ; 
and this goes on until experiepce has furnished for him materials for 
proper judgment. 

It is to be feared that so long as our present system of apprentice- 
ship continues to be the rule these conflicting claims of theory and 
practice will never cease. Engineers, unfortunately, are still divided 
into two great sections, each of which looks with jealous, if not with 
contemptuous, eye on the other, and, to the young engineer, before whom 
these claims are often too urgently forced, it is the cause of much 
embarrassment, and, as a consequence, distrust, if not contempt, is 
impressed upon his mind, causing him inevitably to neglect either the 
one or the other rival interest, according to the influence under which 
his ideas have been formed. The question whether theory or practice 
should come first, or whether they should be taken simultaneously, or 
even as complementary to general education, is a problem exceedingly 
difficult of solution, if soluble at all. One thing is certain, the old 
methods by means of which young engineers were trained in their pro- 
fession and so equipped for a i)ractical life are altogether unsuitable now. 

The demands of industry and commerce, the keen international 
competition that now exists, have entirely revolutionised the old con- 
ditions of things, and it is becoming more and more evident that, 
instead of the old all-round handy man, everyone now employed in 
engineering and other manufacturing establishments should possess 
some special knowledge of, and be thoroughly versed in, the requirements 
of his particular business. 

What are the conditions tliat obtain at present in the process of an 
average apprenticeship? After finisliing his course of elementary educa- 
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tiou nt BcJioo), a lad suddenly finds bimself turned loois into one of the 
dupartmenta of a workfiliop, and is there left to learn his trade m he l>eat 
<^n* He is perfectly innocent of the simplest workshop practice, and 
for a loDg time can be employed ia tht* aimplest capatutiee only; he finds 
tliiit special machinery ia in operation to perform special work, that tht* 
minute sub-division of labour rendera it imposaible to become anything: 
bat SI very indifferent and specialised workman, that the chance of 
learaing & definite craft no longer a lists ^ that. In fact, the ptjssibility 
at tk real apprenticeship in the workshops is practically extinj^rnishcd 
alfco^^ether. And so it freqiiently happens that, in the absence of means 
being taken to eotinteruct snch iafUiences, tho poor beginner, at a fieriod 
when his facalties are aharpent and his mind mt^t retentive, tons the 
risk of degenerating into a mere j^ipecialist, into a workman wbo can do 
one thin^ only and withont the fliig:ht*:Bt claim to he called a mechanic, 
far less an eu^^ineer. In Lhe old days an apprentice used to be tauj^iit a 
definite craft* and his trained hand was of the high^t valne in work 
deniandinsx the nsc of hammer, eliisel, and file ; thm he was trained in 
nil Uhi di'taila of hie trade, and, after a definite pupilage and with the 
object of niast^ring the ontlying branches of it and widening his pnic» 
tical kno^v ledge and experience, he iKJcame a journeyman before finally 
developing into a master. Now lie learns only a pc^rtion of hift trade, 
lK*cause he is trained amc:»n^'*it' itj^^n who an*- (^tpuhle of d(ang littht more 
than one thing, who are dependent upon a suries of other men, or sets of 
other men, to either finish what tlicv ha%'c \mpm or bi?«(in wlint they will 
snbsequently finish. Now the introduction of exact machinery has 
almost banished handicraft altogether, and cheap and rapid production 
by minute sub-division of labour renders it impossible for a workman, 
unless he be of exceptional character, to so exercise liis hands and mind 
as to develop deeper insight, broader view and capacity and brighter 
intelligence, and so, if he be only skilful with his hands, he becomes no 
Ixittcr than an unskilled labourer the moment his work can l)e performed 
l>y means of a new machine. 

On tlie other hand, if while young he is drafted into some technical 
scliool wliere the aim is to give instruction of a specialised character 
with the object of commencing him in the elements of his professional 
rr;iiiiiiiL:. llui'e is the danger of stinting and narrowing his mental 
-rowili. nf antedating tlie cramping effect of a sj»eria]ised calling, and, 
\\\^i ;i- ill tlif case of tlie specialised workman who can do only one thing 
A. !I, wr li;ive a lad wjiose mind is trained onlv in one direction, wjio is 
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incapable of forming any but the simplest and most commonplace ideas, 
and who only fixes his attention on those features of his profession in 
which he finds himself most proficient, and leaves out of account alto- 
gether those other features which are none the less important and 
essential to his full development. 

Before determining, then, which course of training should be chosen 
as being the best, a youth should know, or be led to know, the powers of 
his own mind, and the chances of a successful career he may have to his 
hand in the future. If he be of the material which goes to make a good 
engineer, it perhaps matters little which course he chooses first ; his 
ability and bent of mind will soon become apparent, and he will probably 
be able to mould his career into lines at once most congenial to his 
tastes and in keeping with his temperament ; but if he is not of such 
material, and if instead of being able to pick and choose his own way he 
is thrust into accepting whatever is offered, or, if by-and-bye he dis- 
covers he is not at congenial work at all, much of his training so far 
will have been of no effect, and he has to begin over again. And so, 
to study our subject fully and before either technical college or practical 
workshop is considered, we are forced a step further back still, and have 
to inquire — what of the ways at school? There the real preparation 
for the after training should be made, there a sound foundation for the 
after professional work should be laid and method should be all and in 
all ; the method of learning how to learn. At school the mind by 
healthy exercise should be trained to look at questions from every point 
of view, and so develop general mental culture, good judgment, and 
ingenuity, rather than have it loaded with a detailed knowledge, and so 
equip it as to be able to adapt itself to any course of study it may be 
put to afterwards. To the engineer, as to every other business man who 
has frequently to decide rapidly when neither his text books nor his 
notes are at hand for consultation, a well-trained memory is absolutely 
necessary. To remember well is sometimes of as much importance as to 
understand well. To train the memory demands its application, and in 
the process the mind is stored, and if, with retentiveness of memory 
there be associated a correct method of reasoning, a correct habit of 
arranging in proper and natural setjuence all the facts of a problem, it is 
no longer found to be an effort to remember them, and its training 
therefore should have every prominence in a general school course. 

There has always been great diversity of opinion regarding the best 
methods of thus strengthening the mental powers. Until recently it was 
claimed that nothing whetted the intellect or strengthened the mind like 
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a stndy of the class ica ; that there was nothing to conopare with the 
stem ineDtaJ discipline neceSBarjT to faeUItabe an appreciation of the old 
Latin and Greek masters ; and bo these dead lang:uages, Greek verbs and 
Latin declensions, used to be poni'ed into the head of a youth uotil there 
was Kttle room left for anythinc^ else, the principal ingredients of instruc- 
tion continuing to be exactly the aame as were given centuries before, 
and when England had no literature of her own. The very fact that the 
systein of education was not essentially different from what it was several 
centuries before onght to have been aafficient evidence that some altera- 
tion was needed. Life, and es]iecially educational life, ib far too short to 
permit of any portion of it iMJing spent in ac<iniring a knowledge that 
only mnt/ be nseful, for, speaking generally, it may be taken as a fact, 
although one regrets to hava to say it, that the primary object of all 
education, whether it be what is termed liberal or merely professional, 
now as in antiquity, because even in Plato's day there were the philoso- 
phers and dramatists and artists teaching liberal education, while the 
Sophists sopplied the professional side, is not altogether to develop the 
mental and moral qnalitics of the pupil for their own sakes, but to 
enable him to malte a respectable living, to become a useful citizen^ 
to convert, in other words, his brains into money \ And when this m 
saidp it is not intended to contradict what has been said already, that the 
primary object of the school ptjriod is to aCijoire an onierly metliod of 
leaming, and that the natnre and amount of the knowledge acquired are 
only secondary ; but are not secondary results sometimes very important 
and not to be disregarded altogether ? Hence it is held that there is a 
direct advantage, both from an educational and professional point of 
view, with newer studies unfolding themselves before us, to so arrange 
the school course th^t it shall be potent for cultivating all the faculties 
of the mind and bringing them into full and healthy activity, and in 
which classics have only a moderate part. Living languages are surely 
quite as capable of polishing our brains as dead ones, and to the student 
of science, history, music, drawing, there would be opened up such a 
world of delight as the youth who has spent all his time at classics 
cannot even imagine. The difficulty is to determine how much attention 
should be given to the one and how much to the other, for it is clear 
that classics are not now regarded with the interest they used to have 
Ijcstowed upon them, although their study will never cease, and should 
never cease, to form part of a liberal training. The whole purpose of the 
scliool, then, should be to so prepare boys as to render them capable of 
succeeding in any calling they like to choose afterwards, through the 
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advantage derived from a healthy, active intelligence, a habit of logical 
reasoning, and a stock of useful knowledge. 

As success in every walk of life depends to a great extent on early 
training, every healthy boy in the country should be made to undergo 
some such elementary course as has been indicated. When this has been 
accomplished, the specialising of his studies, his secondary education, his 
technical education, if you will, may be commenced. By this time a 
boy will have had opportunities of developing any capacity he may 
possess, and the process of selection may commence. Up to this period 
education should be general and universal. Beyond this the training 
should become of a nature more special, and from the mass of youthful 
material there will now be sifted out the various grades of capacities, the 
lowest going first to be the workmen, the next the foremen, and so on 
through all the grades until there are those left upon whom too much 
time and money can hardly be spent. 

It is at this stage that the difficulty already referred to, the choosing 
between a course of theory and one of practice, crops up. If the lad is 
to be something more than a workman, he must be guided in the proper 
selection of a course of study. Hitherto he has been chiefly absorbed in 
book work, in verbal studies, in which his memory and reasoning 
faculties alone have been exercised. His eye and his hand still require 
disciplining before he becomes a fit scholar for skilled labour and a 
practical life. Now hitherto the teaching of science in its relation to 
trades has been, in this country, firmly restricted, and the teaching 
of the practice of a trade in any technical school where Government 
support was given has always been forbidden. While something can 
perhaps be said in support of this in the case of colleges and universities, 
it becomes a question whether it should be so strongly objected to in 
institutions for secondary education. It is, of course, absolutely impos- 
sible to give any considerable useful practical information of any art in 
such institutions, but a workshop in such a school would be a most useful 
adjunct for providing certain deserving boys with the means of acquiring 
a little skill in a healthful and pleasant way. As was already pointed out, 
an ideal trade apprenticeship, where the learners, docile, obedient, and 
hardworking, are brought up under the fostering care of an able 
workman, skilled in imparting knowledge and eager to give his charge 
every possible opportunity of self-improvement, is purely imaginary, and, 
as instead, we too often have apprentices neither earnest nor studious, 
but boy-like, fond of variety, and consequently careless and inattentive, 
and often quite incapable of enduring the monotonous routine of a long 
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working day ; and remembering the importanee of permitting a boy to 
form some opinion as to what is, and what is not, of practical value to 
him, and thus allow him to pay more attention to the former, to guide him 
in determining which results will be of real nee aod whloh will form only 
exercises in applied science, and with the fnrther benefit of saring much 
precious time, it is suggested that a short course in the laboratory or 
workshop of a technical college slioold be taken between the time of 
leariiig the general education school and that of commencing his 
apprenticeship. There he would be shown imd become acquainted 
with ordinary tools and materials. He wonld be under the chur^e of 
trained and competent tutors who would teach him their uses, and in 
a maimer utterly impoBsible in the average commercial workshop. 

There are always real pleasure and profit for boys to be got from 
working with tools and amongst models ; and if at the end of a year or 
so in ftuch a plact^ he shouhl have learned little more than to know a plane 
and a file when he sees tbem, to be able accurately and scientifically to use 
his foot-rule and compasaes ; if hj this time he has b^n able to train his 
hands and eyes to work in sympathy he will have spent his time well, and 
}\e in some degree equipped to start an apprenticeship in any workshop 
he may be employed in. He will not thus learn Ids particular trade or 
art, but he will be helped materially to choose it^ and thus pass on to its 
actual conditions by working at it* Biu'li a tminin^L^ would also make 
provision for his introduction to theoretical knowledge, to sketch ing tmd 
drawing, and the grasping of details of consti-uction. Hl- will then 
know that an apprenticeship means far more than merely learning 
to chip or file. He will learn the time required to do certain work, the 
proper finish that certain work should have, the right and wrong way of 
handling such work, shop systems, the character of his fellow workmen. 
He will further begin to see that the development of manual without 
co-ordinate intellectual training forms only a small part of what will 
help him in the work that lies before him in the future. He will 
observe that the higher the standard of general intellectual culture he 
attains to the more solid will be the groundwork of all his after special 
instruction. He should, consequently, along with technical studies 
have some one other subject at least as a hobby. Let it l)e history, 
<4eo.irrai)]iy, philosophy, a foreign language— something which is outside 
his immediate business and not visibly related to it, something he takes 
to because he likes it for its own sake, because he knows that his 
character is enriched and strengthened by it, because it helps to give 
him a wider outlook upon the world of nature, of books, and of men. 
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and because he may thus prepare himself better for the duties of a 
citizen and parent as well as fill an honoured place in the ranks of 
industry. 

It is not suggested that because a man remains a workman he should 
not continue his education. It has already been shown that industrial 
success will depend, in great measure, upon the intelligence and training 
of our workmen. Any man can easily learn to handle a machine, but he 
should also learn what principles lie behind it and those upon which it 
has been built so thoroughly that he could undertake to design it or alter 
it so that it might be adapted to perform any other similar work. A 
mere machine worker is no more a mechanic until he approaches his 
work with an intelligent knowledge of the principles of mechanism, than 
a moulder is a metallurgist because he simply works amongst metals. 
In engineering, therefore, we require evening classes, at which the 
technical instruction given will make better fitters and turners, more 
intelligent patternmakers and draughtsmen, as well as that which goes 
to train those men who are ultimately to manage and thus push forward 
these industries. To accomplish this, properly equipped establishments 
are necessary, where, along with technical instruction, there will be 
developed breadth of view and capacity in those attending them. With 
such education judiciously directed, and in which the teachers are careful 
to organise their classes so as to broaden the basis of instruction to cope 
with the narrowing tendencies now so common, much will be done 
towards minimising the extreme, and, as some say, the disastrous effects 
which subdivision of labour and specialisation in handicraft are causing. 
But this must, of course, be done with discrimination, otherwise it 
ends in absurdities. It is hard to conceive, for example, what possible 
good could be got out of a course suggested by a speaker sometime ago, 
who advocated the teaching of chemistry to a house painter, because of 
the benefits he would gain by knowing the chemical laws operating in 
the making of his different colours. A more ridiculous travesty of the 
aim of technical education can hardly be imagined. If a painter is to 
be technically educated it cannot be done by means of a pernicious 
smattering of chemistry, a subject outside altogether the range of his 
business, though perhaps related to the trade of a colourmaker, but by a 
widening of the training of the painter in his own particular handicraft, 
in those things truly pertinent to the technique of his trade, and as such 
taught him fully and freely. It is also difficult to see what good could 
be derived from teaching a turner or patternmaker the operations of 
extracting dyes from coal tar, something he will never be called upon to 
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perform in his profogaioiml life. A turner's duty is to turn quickly and 
accurately, a patter niuaker's to make his patterue fio that souud and 
economic castings may follow ; iind although these cannot be tauij^ht in 
any technical college, something bearing directly upon them can* Ai^j 
attempt to go further with a tradesman ceases to \ye technical education, 
because technical education does not depend merely on the subjects that 
may be tau^rht under this uame, but to as ^rreat an extent on the 
pupil who is being taught. Educational progress is still too frequently 
estimated by the number of thoufiands of students who are being taught 
in our technical schools without any cotmideration being gi?en to what 
or how thoroughly they are being taught. Information of thi& sort is 
worse tlian nseless, because by it alone we fail to discriminate between 
what is really useful and what is merely statisticaL Broadly, it may Yte 
put that in crafts where the average workman has not to design^ hut 
has instead designs made out for him and to which he has to work, it 
is sheer waste of time and money to give him a mere suptTficial 
smattering of higher technical knowledge, or of a trade outride his 
own. On the other hand, a knowledge of some subjects Hke geometry 
and mechanical drawing would be of infinite advantage to him, because 
there can be no doubt that the mechanic who can draw quickly and 
accurately becomes much sooner an adept at his tratle than the man 
who cannot do ao, because the drawing dow^j, in the first place, of a 
detail in machinery is the Itest poasihle introduction to the making of it 
af cerwards, and skilful handicraft is produced much more ea-aily when 
the accuracy of measurements and habits of precision have been culti- 
vated ; for does not the difference between a skilful workman and a 
slovenly one consist in the fact that the former carries out his work to 
the required exact dimensions, while his less skilful friend may either 
have it larger or smaller, and thereby totally unfit for its purpose. 
Just as very little accurate knowledge of any kind can be acfjuired with- 
out a knowledge of reading, writing, and arithmetic, because they are 
the tools with which men dig out of the mine of learning, so knowledge 
of the elements of mechanical drawing would prove quite as useful a tool 
as these three in the hands of a tradesman. At one time so important 
did a knowledge of mechanical drawing appear to the French (iovtirn- 
uiL'iit that the Commission on Technical Education concliuliMl that, for 
the working classes, technical education meant merely instruction in 
nicclianical drawing. And they were not far wrong, because it is a key, 
in tiie use of which an intelligent and industrious workman can open 
for himself new ways to knowledge and for the possession of wiiich one 
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need only know how tx) read, write, and cipher correctly. In spite of all 
this, however, it is a notorious fact that a large percentage of British 
workmen cannot either make or understand a drawing. A knowledge of 
drawing would give him the power of putting his own ideas on paper, 
while it would also enable him to interpret the ideas of others, and 
much better than any spoken explanation could possibly do. 

It is sometimes stated that the average Englishman is behind his 
Continental neighbours in the appreciation of art. Whether this is se 
or not, it is a fact that drawing is taught less and to fewer people in oui 
English schools than it is in almost any other country having any pre- 
tensions in the way of education. In Prance, Germany, Belgium, 
Sweden, America, and in some of our colonies, drawing is compulsory, 
and has many houra each week devoted to its teaching. 

In saying this it is not intended to cast any slur on our workmen, 
because, as Dr. John Inglis said the other day in his address to the 
Institute of Marine Engineers, " he is not, as an individual, inferior to 
his predecessors who brought the steam engine to its present state of 
efficiency," nor does he " believe that what he calls the ' uncontaminated' 
British working man is excelled or even equalled by the workmen of any 
other nation in skill or endurance whilst he is employed at his own 
particular handicraft. In the departments of work demanding physical 
strength and a certain quantity of conscientiousness, without which no 
important structure or mechanical contrivance can be properly executed, 
he is, when at his best, the most reliable in the world." 

Beside all this, however, we have to admit that even a high degree of 
expertness and proficiency in handicraft may frequently co-exist with an 
empty head, and consequent complete intellectual stagnation : so that 
while fully acknowledging the importance of manual skill and dexterity 
it must at the same time be remembered that their value is distinctly 
limited. They must be supplemented by other disciplined knowledge if 
we wish to have workmen capable and thoughtful and ready to undertake 
any of the duties of industrial life. Such an education would at the 
same time influence his character, awaken his inventive faculties, other- 
wise left dormant, and so develop the power of the human intellect ovei 
mere dead matter and thus fulfil the highest purposes of the engineer — 
the minimising and alleviating the difficulties of life. 

At a time like the present, when the effects of foreign competition 
are being so persistently brought before us and are attracting so much 
general attention, it is not inappropriate to our subject to consider 
briefly how some foreign nations stand as regards their means of 
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educating their indastrial classes, and the influence of ench education on 
their manufacturing and other industrieB. A comparison of our methods 
of teaching a craft and giving technical instruction with the coiTcspond- 
ing methods of foreign conntriea will show oa at the outset that in so far 
as a practicaf apprenticeship served in the workshop is concerned, the 
failinga that mark the system at home are quite as prominent, if not 
more so, abroad, but that as regaMs technical, especially primary 
technical education, the contrasts are more in evidence than the 
analogies. While our system pins its faith to a shop apprenticeship 
combined with a simultaneous course of study at evening classes, on the 
Continent and in America their systems are based on the now recognised 
fact that a real apprenticeship, as indicated earlier in the paper, does 
not now exist. Whereas we prohibit all attempts at teaching trade 
methods m schools, and, where aiiything practical is attempted^ it is only 
secondary and auhsidtary to the theoretical imd Bcientilic instruction 
giYen, tbey have specially organised and grad^ courses wherein both 
theory and practice are conjoined and where specialisation in study is a 
prominent feature* 

In France the present system of primary technical instruction has 
now had a trial of over twenty y&ar^^ and lb the outcome of a movement 
in favour of some type of school where trade classes could be taught. 
After a systematic invest ij^ation had been made, those in authority found 
that throughout the whole country craftsmen wore becoming less and less 
skilful with their hands, and, lookin;^' about tliem for a reason, had little 
difficulty in seeing how this state of matters arose. It was seen that the 
same proficiency in handicraft could not now be attained as was possible 
formerly, because the latest systems of shop organisation and manage- 
ment were tending to consider a man as being simply the intelligent part 
of the tools he was employed to handle. It was further recognised that 
the ever-increasing tendency towards the sub-division of labour was 
making a few years' apprenticeship far too short to enable a lad to have 
experience in more than a few of the departments of instruction. 

The French Government acknowledging all this, and that it was too 
much to expect any serious step being taken by the employers of labour 
to institute remedies to meet such influences, founded these apprentice 
or trade schools. That they have been successful for France we have 
abundant testimony, for whereas at first an approximately small portion 
of time was spent in practical work, now they have more and more 
pra<'tical work undertaken by the student-apprentices as they graduate 
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through the various divisions of elementary, manual instruction, and 
higher grade schools. 

In Germany the same system prevails, but in a more pronounced 
degree. Among the many causes that have tended to the phenomenal 
progress of German industry and conmierce lately, we must acknowledge 
the advanced educational conditions upon which that country has placed 
so much faith for their development. It is recognised that, in these 
days of rapid intellectual progress, it is as possible for educational 
systems to become old-fashioned and out of date as it is for machinery 
and factories, and, while the facilities for affording technical instruction 
to workmen are perhaps not better than our own, the organised system 
of secondary education is as nearly perfect as it may be to meet the 
requirements of to-day, while those colleges whose detail and equipment 
are designed to afford facilities in original and independent research 
work in physical science are not equalled anywhere. Of course we must 
remember that Germany, like America, is comparatively recently in 
the field, and is making the best of all available sources of informa- 
tion. In the trade schools the instruction is essentially of a practical 
nature and provides a general preparation for an industrial life. They 
lead the way for a lad into the workshops and factories by giving him 
every kind of general and special knowledge, as well as habits of 
industry, while they, over and above this, go far to help him to choose 
his future calling. It has also frequently been shown that the instruc- 
tion given in this way has helped to revive and develop several industries 
that otherwise might have died out. The grading of these schools is 
carefully defined, the instruction is strictly disciplinary, examinations 
are not too frequent, and as a consequence the study is broad and 
thorough. While with us technical instruction is as yet chiefly sup- 
plementary and is administered in separate courses, in Germany, as on 
the Continent generally, and in America, it is looked upon as of far more 
importance and as part of a great national educational system. 

In Japan the development in every department of industry, and its 
effect on trade in the Far East, has come as a surprise to most people ; 
but for several years now the Japanese have been studying the system of 
western nations, and are now, so far as educational matters are concerned, 
almost abreast of any industrial nation in the world. As showing the 
progress being made in technical education amongst the Japanese, it is 
interesting and instructive to note the curriculum laid down for the 
training of their engineering officials in the Imperial dockyards. There 
is as yet no organised system of apprenticeship or trade schools, but the 
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^onrses followed by both officials and foremen art! very advanced and 
tboroi]|2;h. The same rales apply equally to all departments of the navy, 
fluch m sbiphuilding, ordnancej engioeeringj etc., and the training ia 
grmled into first, second^ and third classes. The highest class of officials, 
those who ultimately Ijeoome chief constnictors and inepectoi-s of 
machinery, ordnaiic^, and such like^ come under the first clas^, which is 
aa follows ;— Students enter the miiversity, after examinationj at ages 
ranging from eij^hteen to twenty, and I'cmain there for six years, the tiiBt 
three years of which are spent atndying higher mathematics, physics ia 
all its branches, chemistry, drawin«^, etc. At the end of these three 
years, students have to decide which particular branch they intend to 
follow, and during the remaining three years they study the technical 
subjects appertaining to this branch- They also s])end the summer 
vacation, of about four months' duration, in actiuiring practical know- 
ledge in the workshops atid building yards of the dockyards. At tlie end 
of each year they are examined as to their progress, and the results of 
the five previous examinations together with the final examination at the 
end of the sixth year^ decide to a certain extent their future pro«i[ieuts* 
They thna pass into the junior, or dxth grade of constmctora. The 
iiiinitiium time required for jtromotion to the fifth grade is one year ; two 
years are required for the next step, from the fifth to the fourth grailc : 
from the fourth to the third ^ade requires five years ; from the third to 
the second grade two years. These times are the minimtim, and it might 
liikii uii oAi^^Lional man to pass thi'ough olJ the ditfei^nt stages in the 
time mentioned. 

The second class consists of those fitting themselves to be sub- 
inspectors of work and senior foremen. They enter as ordinary workmen, 
at ages varying from sixteen to twenty, and during that time certain of 
the more intelligent ones are selected for education in the dockyard 
schools and colleges. The period of training extends over four years, 
half of each day being spent in the schools and the other half at practical 
work in the workshops. During the first two years the tuition in school 
is confined to the subjects required for general education. They then 
decide which branch they are going to follow, and for the remaining two 
years tlic half days spent in school are devoted to those particular 
technical subjects appertaining to the branches selected. Examinations 
arc licld at the end of each year, and the results of these, combined with 
the result obtained in the final examination at the end of the fourth year, 
(k'teirnine their order of promotion, etc. At the end of this time they 
(jualify as minor otiicials, and go through ten grades, the minimum time 
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for each of which takes one year, and the final grade is composed of 
senior foremen, sub-inspectors, etc. 

The third class is composed of those selected from the ordinary 
workmen after they have reached the age of thirty years or so. Those 
selected are allowed to go to the dockyard school during the half 
of each day for a period of three years, during the first eighteen 
months of which they acquire an ordinary rudimentary education, and 
during the latter eighteen months they learn certain principles and 
general technical information regarding the branch to which they 
belong. These likewise are examined at the end of each year, and at 
the expiry of three years qualify for positions of chargemen in the various 
departments. 

The ordinary workmen, entering at the ages ranging from sixteen to 
twenty, serve no apprenticeship. As they acquire the requisite skill and 
experience, their pay is gradually increased until they get the current 
wages of the district for their particular trade. 

We now understand why it is that fewer foreigners are now employed 
in Japan than used to be formerly, and why, except in such new indus- 
tries as yet require the supervision of foreign experts, the services of 
foreigners are being more and more dispensed with. The Japanese see 
that if a nation is to be great its schools must be attended to, and 
that neither money nor time must be grudged for the erection, 
equipment and maintenance of such schools and laboratories of all 
grades. 

Instances could be multiplied to show that this same activity in 
matters concerning education is pervading all countries having industrial 
interests. Spain, Norway, Denmark, Italy, and others, are all bestirring 
themselves in the same direction. They see that the nation which 
possesses the best schools is the best prepared for the great industrial 
struggle which lies before us, and they are determined to keep in the 
front rank in all matters affecting the education of their people. They 
recognise that success depends, not so much, nowadays, on the possession 
of the raw materials of manufacture as on the scientiiic application of 
recent discoveries to the ordinary processes of manufacture. 

Although it is now sixty years since a special Conmaittee of Council 
was instituted in England to look into our educational system, it is just 
thirty years since any real activity and progress were commenced in 
technical instruction. Before this, although we were first among the 
nations in skilled labour, we were somewhat behind most of them in 
systems of technical education. 
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FrancCj Belgium, SwifcKerland, and Prussia offered many advantages 
to yoong engineering sfcudenta that Eogland had not jet thought of> It 
was Kot until these countnes, as well m Germany and America, hegMi to 
profit by this that we took up the matter in earneafc. At first it was the 
c:cceptiou to consider engineering science as part of a collegiate course. 
It had not yet taken it« place among the learned professions ; et all 
events, it had not yet been recognised as such. There also existed gi^at 
diflSeulty in aecuring competent men to take the place of instructorst not 
because there were none who bad the requisite knowledge^ but because 
there was a want of proper sympathy on the pai't of educational 
authorities. It was thought that iiaving provided a class room ajjd a 
blackboard the teacher should l>e able to do the rest ; that halving 
provided him with a sufficient supply of chalk, they had given all the 
8U]iport necessary to a chair of engineering. Luckily, in the face of 
BUch odds^ good men were usually chosen to fill these apjiointmeots, men 
who came out of some works* department or drawing ofiice, and with a 
very complete knowledge of the very things a young engineer rcquii-es to 
know. They had, however, to find out for themnelves the best methods 
of teaching, whereby young students wei-e trained in the principles of 
their busiDess on the one hand, and whereby the members of the college 
boai^d were educated up to a proj>er appreciation of the fact that very 
substantial aid in the prosecotioti of their duties was I'equired on t!ie 
other. 

To-day this is all changed. The modem professor of engineering 
undertakes his duties as part of a recognised curriculum. His require- 
ments and expenses in the matter of apparatus and books are known and 
accepted. He is no longer under the distasteful necessity of having to 
extort, almost by force, the requisite cash for his working expenses. He 
is usually a man whose theoretical knowledge has shot far beyond the 
usual requirements of the consulting room or drawing office, and who, 
after a subsequent successful career at college, and possessing certain 
academic tastes, has been chosen by his professor as demonstrator and 
assistant, and so makes his way to a professorship. 

Except in a few instances he finds it impossible to make fame by 
mt'uns of any practical work, and to his credit it has to be acknowledged 
that lie labours hard without the stimulating hope of making any great 
pecuniary irain. In researcli work, in the laboratory, he is at home, and 
lias, in many instances, laid his practical brother deep in his debt ; here 
he lias cliances that few manufacturing engineers ever meet, and he 
makes the most of them. He spares neither time nor thought, experi- 
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meDting from which he evolves mach useful information, and this he 
dispenses liberallj. It woald be difficult to estimate the amount of such 
information, much of which cannot be applied in its present form to our 
every-day requirements ; but there it is, stored, until our increase in 
knowledge of it makes it directly useful. In such work he excels, and 
up to this point he is a good man, but laboratory work is distinctly 
limited ; the moment experiments go beyond a certain dimension they 
are outside his province. The instruction he furnishes his pupils is most 
valuable, but it might be more so if he were to remember the nature of 
the work they will have to perform in their every-day life later, and 
because he is apt to view all his work through the eyes and from the 
platform of the professor and physicist merely. For corroboration of 
this, we have just to turn to the experience of one of our most successful 
science teachers. Professor Kennedy confesses that if he were to take 
up teaching now after his experience in these later years of practical 
work, he would do it better and more successfully than lie did do it when 
he was a professor and nothing more, a wider experience in the field of 
practice, and a closer intimacy in daily life with those young engineers 
whom he knew only as students before, being the reasons for this change. 

It is usually an easy matter to teach engineering to a batch of 
students whose capabilities are tested only by examinations. It is a 
difficult matter to keep before students the fact that so long as they are 
students they can learn only a fraction of their business, and that the 
larger portion of it must be acquired in the college of experience. It 
cannot but be so. In proceeding in his college coui*se, the student must 
do so deliberately and by degrees ; each step in his progress must be 
<M)n8idered carefully, one at a time, if he is to study to any purpose at 
all. In his investigations he must know and understand every condition 
— and in his eyes each condition is equally important with another, and 
cannot be disregarded ; but this very concentration of attention not 
infrequently throws out of all proportion other considerations (juite as 
important. Teachers confess that this is a difficult matter, and their 
task is increased when, recognising all this, they strive to so arrange 
their curriculum that all such influences may be carefully met and 
counterbalanced ; when, remembering that engineering cannot be taught 
inside the four walls of a college by lectures and text books merely, they 
have to work within certain prescril)ed limits to satisfy the demands of 
examinations. 

No doubt such instruction has its Ixiiieficial effect on great masses 
of students, though it were for no other reason than tbat by it, and the 
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effect of ajBtematic etudj, their knowledge in maay departments, in 
which they were hitherto ignorant, has heen ertended. But such 
instructioii is now bo cheapj that to be instructed merely is not now 
considered to be of great importance. It is sometimes too readiJy 
assumed that liecanae a youth has paased through a coorae of science 
teaching he is thereby fit for anything. Knight-errant like he fares 
liim forth to do mighty deeds, for ha,a he not all the weapons of 
instmction necessary, and have they not been ground and whetted 
every one of them by a careful and capable expert ? If he is careful he 
should not fail, hut if these same weapons \m not wielded carefully and 
sensibly^ they may upon occasion be very emlmrraasing, and even prove 
a hindraoce rather than a help, and for this reason they are simply part 
of his whole equipment, there are otiier weapons against which he will 
he pitted, of which he has yet no knowledge. He will often wonder 
why public contidence is so unreservedly placed in older engin^rs, 
whose knowledj^e and ability he holds in little esteem. He will see 
their opiniona accepted, while his are hardly listened to. In com- 
paring his knowledge of subjects which he has learned, each nnder a 
special professor may be, with that of his elders^ he finds thut he has 
the advantage, and jet his capabilities are placed at such alow estimate. 
He forge tw he has yet to learn his trade j fchoui^h he may possess aU the 
scientific trainiug he claims to have, though he may have, by this 
knowledge, fitted himself to fill at some future time a position over 
those whom he has to serve now, he has just completed a fraction of 
his education, and must be careful not to puff himself up by this 
fraction, so that he will fail to achieve the fraction that remains ; by 
doing so he will neither be a useful subordinate nor a pleasant colleague. 
He has yet to differentiate between instruction, education, and experi- 
ence. The first implies merely an acquaintance of text books and 
lectures and is tested only by examinations, or that process of testing a 
man's capabiUties of gorging and disgorging information, and which in 
itself is not enough. Education is the healthy exercise of the mind, out 
of which grow the best qualities of the understanding, the power to 
acquire and assimilate instruction and so be able to glean experience — 
experience or that resultant effect left on the human brain by num- 
berless impressions, and by means of which the skilled engineer is 
nnconsc'iously guided in all his determinations. It is the power of bring- 
inu" before the mind's eye all the features of a problem and of criticising 
them, to be able to determine what are the big things and what the 



THE TRAINING OF YOUNG ENGINEERS. 131 

little in these problems, and thus have a true sense of the proportion of 
all the series • of operations by which his plans are to be carried out. 
This experience is a plant of slow growth, and the public know that, 
and that without it knowledge in itself is of little value. For example, 
an engineer cannot be said to be completely trained if he is still 
ignorant in the matter of costs, if he cannot tell how much money or 
what time will be required to perform certain work. Before he can do 
so he requires to have done past work and so have gained experience, 
and this is a matter neither taught nor learned inside a college. Public 
companies and corporations, before employing an engineer, generally ask 
— what of his past history ? They are careful to adopt the precaution 
of scrutinising what he has already done successfully and well — for after 
all, he is the best engineer who gives the best engineering for the least 
money. His designs may not be the most striking, they may not be 
strictly scientific, but if they can be carried out expeditiously, economi- 
cally and successfully to serve the purpose wanted, it is evidence of a 
healthy, intelligent experience, for practice is generally ahead of science. 
These, then, are a few points that more or less have to come at some 
time or other under the consideration of every young engineer. There 
are many others which must occur to all of you. For example, no 
attempt has been made to specify an ideal apprenticeship to meet present 
circumstances, nor to suggest w^hether the time served in the workshops 
should be modified in the case of a lad who has had some technical 
experience before leaving school. Departmental training, such as grad- 
uating through the various shops and drawing office, has not been 
considered. These and others, it is hoped, will be taken up in the 
discussion of the paper afterwards. There are other fields of knowledge 
which must be explored and known before the young engineer stands 
fully equipped. It has been shown that technical education has much 
to do with the industrial and commercial prosperity of a country, but it 
can also be shown that it is possible to have too much technical 
education, and that popular scientific education may be too one-sided in 
being too mechanical and too technical. These other departments of 
knowledge that have to be explored do not depend at all on any 
mechanical or mathematical training, nor are they approached by any of 
the paths of science so much as by the guiding influence of ordinary 
conmion-sense. It is not sufficient to consider merely the means of 
education available for the industrial classes and the influence of such 
instruction on manufacturing and other industries, but it is also 
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necessary to aBcerbnm tfat^ general canses and the actEiaJ resulte of 
induBtriaJ and commercial enterprise. 

TLe subject of foreig'o competition bas already been alluded to, and 
while it cannot be classed as a strictly technical subject it is none the 
less a matter upon which it is as well that the rising stock of engineers 
ought to l>e well informed. It has often been the excuse for spending 
large sums of money on technical education, while it would be a perfectly 
fair (juestion to enquire whether hitherto all the money so spent has been 
laid out bo the best advantage. Foreign (xjmpetition Ib not a thing of 
to-day or yesterday, but has now been with us for some considerable 
time. It had really been going on before we were aware of it* We came 
face to face with it fifty years ago at our first International Exhibition, 
when we learned for the first time that other countries besides our own 
were progreseiog in manufactures and claiming a share in supplying the 
world with their wares. It was then seen that our supremacy in the 
industrial race was being challenged, aud that it was uecensary to keep 
moviDg. 

It will be shown that other influences besides technical education 
have been at work to help foreign competition, because if we consider 
Germany and America, onr two greatest iudustrial rivals, we shall see 
that while Germany, as has been pointed out, has the most perfect system 
of education in the world, and, it is held that her great progress has been 
entirely due to this fact, America^ whose educational systems are not so 
perfect;, has retdly tu be reckoucd with as a rival with far mure appre- 
hension. Again, too much importance should not be attached to the 
recent importation to this country and some of our colonies of large 
consignments of American machinery, locomotives, and bridges. 

This old bogey, foreign competition, has again and again been 
exhumed, and we have heard urged, almost nd naufseam, the necessity of 
doing something to meet it, while the real facts were overlooked that 
American cheapness and quickness of delivery had in nearly every case 
been aided by certain local and temporary conditions that really reflected 
credit than otherwise on British firms. The year that closed two 
months ago was one of unexampled industrial activity and prosperity in 
every department of commerce ; and if we remember that the conditions 
of international commerce have changed so considerably during the past 
fow years, it should not be matter for surprise to find great development 
of two such nations as America and (Germany. It is sometimes inferred 
that because these countries are earnestly bidding for part of the world's 
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trade England is behind in her methods and too blind to see it. We are 
pointed to consular reports for proof of this, and from which it might be 
concluded that England generally was going to the dogs. But we are 
not so conservative as we are sometimes said to be ; and if all was known 
it would be found that the consular reports of every commercial country 
in the world were remarkable for the very complaints with which ours 
are so often filled. The British working man has not yet lost his 
cunning, nor the British trader his courage and enterprise, or how is it 
that so many young men from America and Germany, as well as from 
all parts of the world, cc^me to study in our workshops, our warehouses, 
and our universities ? 

If a fair comparison were made it could be shown that the value of 
the foreign commerce of Germany when compared with that of Britain 
is usually very much over-estimated, and that although Germany is 
making enormous strides in many industries, more especially in those 
where superior knowledge and technical skill can be applied, we are as 
readily rising to meet them, and if it be true that in some instances 
America and Germany are able to outdo us, it is eiqually true that we 
are outdoing them in something else. 

In comparing American with home engineering products they do not 
seem to possess the merit of being much, if any, cheaper, because 
machine for machine in many instances they are considerably dearer ; 
nor does their construction seem to indicate any superior average 
intelligence or thoroughness in their workmen ; nor, where powerful, 
responsible, and reliable machinery is required, can it in any way be said 
they excel such English products. What they do excel in is the pro- 
duction of small things cheaply, and so we have our markets floodqd 
with ingenious puzzles, Waterbury watches, sewing machines, agricul- 
tural implements, and all those things that are made by the thousand, 
similar in design, similar in structure. If we consider huge engineering 
structures it will be found that there are few countries where such 
terrible catastrophes have occurred, due to their failure, indicating a 
want of knowledge in such things, and very often a total disregard for 
first principles. Where such structures have been successful, they have 
been either actual English productions or good copies of them. What- 
ever are the various factors that have tended to the almost phenomenal 
rapidity of advancement of our American competitors and of their 
almost daring developments of ingenuity and skill cannot be considered 
now, but there is no harm in reminding ourselves that partly, at all 

VOL XVI.— 1903. 10 




1 
134 DISCUSSIOK--THE TKAIKIXG OF TOITSG S£ram££R&, 

e?enU, th^y are due to the fact that in America the people, to whose 
ipgenuitj sach strides have been poeaible, are essentiaDy Enghsh ; and 
given a good parent, can any one doubt the possilalttj, wlien circnm' 
(StanoL^s of environment and such like are suitable, of the children eome- 
timei! going one better, more eapeclally when the parent fitajs at home 
and aendM other children oat to civlhze and colonize the world. 

BISCUSSION, 

Mb. Tom Westgarth said be did not speak firat becanse he liad 

much to say^ but because he had an idea rather contrary to that 

expressed by Mr. Borrowmaii, and so thought it well to state it at the 

l>eginnmg. He thought that techmcal education was a gootl thing, hut 

he thought that no man should go to a techuiail school to learn hie own 

trade. That might seem at first sight, absurd, bnt perhaps they wonld 

agree with him presently. He was sure they must agree that nobody 

could be taught in a technical school hia own trade as well as in the 

average workshop. On the other hand, ^how many people would be 

far more capal)l(i of conducting their own trade if they liad some 

technical knowletlgo of other trades which bore thereu[>oo ? He had had 

apprentices come to him wbo bad been at technical schools and science 

coUegea, and he was sorry to say nme out of ten were not well trained, 

though they thought they had a deal of knowledge ; but they had 

to teach them their trade. If a youth were ^roing to learn en^^iuL-er- 

ing, some knowledge of chemistry would be useful and also pleasant to 

learn. He agreed with Borrowman that a boy should have some hobby, 

and have some knowledge not bearing upon his own trade that would be 

interesting, useful, and amusing to^him. Supposing shipbuilders had 

some technical knowledge of engineering, they would not make such 

peculiar structures as they sometimes saw thrust into an engine-room in 

the way of engineering, and if engineers had some technical knowledge of 

shipbuilding they might be saved from raising questions which no doubt 

some times seemed foohsh to shipbuilders. If an export cotton or linen 

merchant had gone through the technique as to spinning, weaving, and 

dyeing, how much better he would be able to deal with his own particular 

trade ; but if they sent a shii)builder or a merchant to a technical school 

to learn the details of his own business, he would learn little and he 

would learn infinitely better in his own business when there. To go 

hack to engineering apprentices : A boy learned by far the best and by 

far the most by assimilation. He acquired a knowledge of what things 
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should and what should not be, by being always amongst them. But Mr. 
Borrowman hinted, he thought, that boys were generally pitchforked into 
shops and no trouble taken to teach them. He did not see how they 
could teach them. They had to pick it up and be educated by associa- 
tion. No amount of technical education could teach a boy that kind of 
knowledge. He wished to qualify his remarks and say that he looked 
upon technical education and the training of a science college as totally 
different things. He thought every young engineer and shipbuilder, and 
every young man in similar branches of trade, should go to a science 
college if possible ; but he did not agree that the youth should go there 
to begin with, because he thought a young apprentice should be actually 
at work first. It was well for him to know the use of the tools in his 
trade, and in gaining that practical experience he would find his first 
incentive to a fuller knowledge of the business. At the science school 
afterwards he would be able to assimilate theory with practice. If he 
came from the college first, he would turn up his nose at the practical 
work and ask "why he should mess his hands with this beastly job.' 
If the boy began without some practical experience at a technical 
college, the professor spoke to him about what he did not understand ; 
but going from the workshop, he grasped the why and wherefore at once. 
" Yes," he will say, " I have seen that engine design in the drawing 
office, or that mechanism in the workshop, but did not quite understand. 
Now I see the meaning," and not only had he the knowledge, but he bad 
reached an age when he could more thoroughly grasp these things. So 
he said distinctly that it was advisable apprentices should first go into 
the shops and afterwards to the science college. He quite agreed with 
Mr, Borrowman that the prosperity of this country is primarily due to 
the engineers. He thought that was the pith of the paper. 

Mr. Robert Thompson : What about Noah's Ark ? 

Mr. Westgarth : Well Noah's Ark went ashore ! The only other 
remark he had to make was that he thoroughly agreed with Mr. Borrow- 
man as to the course of education, and he thought a great deal more 
attention should be given to the teaching of modern languages. It was 
deplorable the amount of ignorance there was amongst Englishmen. 
Comparatively few could speak a foreign language, and that was a point 
that should be pressed upon parents, not only for engineering and ship- 
building, but for mercantile business, that boys should certainly study 
modern languages. 
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Mr* J, R. FoTHEROiLL thought that in the first place thej should 
congratulate themsebes that a get^tleman in Mr. Borrowman's ]>ositioii 
was williQg and ready to come forward to express the opinions he htid on 
fluch an important and interesting (|uestion. He thought they might 
take it as a very healthy sign of the times. The qoi^atiou of the train- 
ing of engineers was always one of a very dehatable nature. Although he 
agreed with mnch hie friend Mr. Westgarth had said as to the necessity 
of a thorough apprenticeship iti the shops, yet he could not altogether 
agree with him that practical utility wm act] ui red by assimilation to the 
extent and advjtntage ilr. Weetgarfch considered. Of course, a lad who, 
in moving about a shop, kept his eyes open and noticed what was going 
on, learnt much, but he was of the opinion that ifc was only by being 
engaged on the work itself that the lad obtained a thorough knowledge 
and became a proficient workman* The question of apprenticeship and 
the course of training appeared to him to iissolve itself into two classes. 
Apprentices who in the natural course of things will remain working 
men and those who will Biicceed to higher spheres. He thought all 
should commence in the shop under similar conditions, and be encouraged 
to attend technical classes in the evening, and those who proved indns- 
trious, painstaking, and showed special aptitude^ should have the prefer- 
ence in promotion. This appeared to him to be Ofssentially the employers 
interest as well as the appi'entices. The question of a thorough practical 
training in the shop was a commercial question, aJid one for the 
employer to decide. Works were not run out of philanthropy, but as 
industrial undertakings, and unless it would pay, employers could not be 
expected to give that shop training during apprenticeship which he 
should like to see. Personally he felt that experience would prove that it 
would pay. Trained workmen would of necessity produce better work 
and be more reliable, trustworthy, and profitable, and those who advanced 
to higher positions would be better qualified and better able to undertake 
such duties. Then arose the question of education, so ably treated by 
the author in his paper. It was astonishing, the diversity of views on 
this question, particularly in reference to those youths who had the 
opportunity of a college education. There were those who advocated 
the usual course of attendances at colleges, such as the Durham College 
of Science, Newcastle, prior to entering the shop. Personally, he did 
not take this view, but agreed with Mr. Westgarth that a youth more 
seriously and earnestly took to shop work and dirty hands after leaving 
>ic])ool tlian he did after attending college. Of course there were excep- 
tions, but from experience he was strongly in favour of entering the shops 
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first. Others advocated six months in the shops during summer and 
the six winter months at college. He was aware several employers had 
agreed to this, and that such attendance at college should count in 
apprenticeship. He felt considerable hesitation as to the advisability 
of this course. He felt a five years apprenticeship was not too long in the 
shops, that is if a youth was to attain a practical knowledge in the 
various departments, and he failed to see the advantage in sacrificing a 
year or two of apprenticeship when, in his opinion, college could be 
attended with greater satisfaction after apprenticeship. He favoured 
the opinion that a youth should enter the shops first and complete a five 
years' apprenticeship, and during his apprenticeship be encouraged to 
attend technical classes now existing in nearly all towns. This was of 
essential benefit, and well prepared and fitted hiin to attend later a 
science college. In the building in which they were met (the Technical 
College) the classes were exceedingly well attended. They would be 
astonished at the number of apprentices from the various works who 
attended, and as this attendance was purely voluntary, it was indeed 
satisfactory, as one realised that young men thoroughly saw, if they were 
to make headway in life, they must take full advantage of such classes. 
What he desired to see was employers offering every encouragement and 
facility to their apprentices to attend evening classes. He was aware 
there were times of emergency when overtime could not well be avoided, 
but he appealed to employers in ordinary times to allow those apprenticea 
who attended evening classes to be exempt from overtime, he felt sure 
this could be so arranged as not to interfere with the organization or 
discipline of the shop. He had seen classes completely broken up by 
students having to work overtime, and when a student missed two or 
thi'ee attendances in succession, he drifted behind, lost interest and 
finally withdrew, often disgusted. This was deplorable. He felt sure it 
must be to the interest of employers to have intelligent apprentices, and 
the fact that attending classes was purely voluntary was undoubted 
evidence the lad had " grit " and meant to do his duty. In the Hartle- 
pools a considerable number of the engineering apprentices gravitated to 
sea as sea-going engineers. It certainly did seem extraordinary that so 
little or no effort was made to specially train them, at all events a per- 
centage of the more intelligent apprentices, to enable them to properly 
fulfil the important duties of junior sea-going engineers, particularly 
when one considered the number of junior engineers the manufacturers 
of large marine engines sent to sea with the large and costly engines of 
the present day, and which they guaranteed. A junior sea-going 
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engineer require^i to know how to handle liie tools, aod a good practical 
knowledge of detail and general arraugemenfc of the various parts, and 
as he often bad in the early stages of his ex|jerience^ particnlarly in 
fiteamers carrjin^ three engineers oTily, to at onc^ take a watch on join- 
ing, it was manifeatly to the detriment of the highest efficiency of the 
engines and reputation of the manufacturers that such untrained men 
should be put in such responsible positions. Had time permitted, he 
coQld give some sorry illuet rations. He qnite realised much of the 
difficulty employers experienced at the present day was due to commercial 
requirement necessitating snb-dlvision of labour, by which an apprentice 
became proficient in one thing and knew little or nothing of anything 
else. He quite understood the difficulty, and if, commercially, it was 
found impossible to giv^ a more varied training, there was only one 
alternative be saw, and that was to associate with technical schools a 
complete engineering laboratory. He desired to thank Mr. Borrowman 
for his very able and well thonght ont paper. Although somewhat 
ac^emic, he could have wisshed that Mr. Borrowman, particularly with 
his large practical esperienccj had treated the subject more practically 
in a definite manner. The paper was of great value, and he hoped it 
would bethoronghly discussed. In concluaion^ he appealed to employers 
to give greater consideration, more thorough training and general 
encouragement at all events to those apprentices who showed such a 
desire to improve themselves, particularly by voluntarily attending 
technical classes. 

Mr. Erxkst H. Craggb said there had been some reference by 
previous speakers to the skill and ability of our engineers and the 
important part they had taken in the making of our empire. He could 
not believe that those words, coming as they did from well-known 
marine engineers in this district, were seriously intended to hint at a 
monopoly of such service to our empire by the particular class of 
engineer to which they themselves belonged, the marine branch 
of mechanical engineers. He thought with Mr. Borrowman that our 
empire owed a great deal to their engineers, and would owe more in the 
future. If the marine engineers had no objection, he would, on the part 
of all tlie shipbuildei*s present, humbly ask for them a place amonir this 
irreattM- family of enirineers. 

It was im {possible to iirnore the fact that the greatest historical 
writers of the present time, while they agreed that Euirland's supremacy 
()we<l not a little to the excellence and extent of her manufactures. 
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maintained that her maritime position and naval power, the latter even 
at the time when marine engineers did not exist, had still more to do 
with her premier position among the nations, which was practically won 
at the beginning of the 19th century. 

Now surely no one would deny that shipbuilders had some small part 
in the building of our navies ? 

He had not very much direct criticism to offer on the paper. He 
thought such criticism would be sufficiently given by those more closely 
connected with the control of the engine shops. Their debt of gratitude 
to Mr. Borrowman they all acknowledged was deep, and most sincerely 
he acknowledged his own. They must, he was sure, now recognise in Mr. 
Borrowman an expert in education — his paper was distinctly confirma- 
tory of this — and more especially would he say of technical education, as 
well as an expert in the erection of the well-known marine machinery for 
which this port was so justly famous. 

In listening to the paper, it had come to his mind that truly the 
road of the apprentice was strewn with many thorns, and brought him to 
the foot bf many difficult " kopjes.*' There were many troubles through 
which the apprentice must gradually rise to be what he ought to be, and he 
(Mr. Craggs) thought he would have to live very many years to complete 
his course properly. He thought that in Japan, of all places in the world, 
he would least like to be an apprentice, especially if he was going in for 
the " first class." He was inclined to think that if he had been compelled 
to choose as a boy he would have run for a " third " ! Mr. Borrowman, 
he thought, did not really hold up the Japanese system among those 
described as one they should adopt, but his aim was rather that they 
should take care one way and another to keep ahead of them all. He 
thought that the country in their military operations and other affairs 
had lost a great deal in not recognising that there were men in England 
who must be brought forward quickly, and not kept out waiting until all 
others in places of higher responsibility had been removed by the hand 
of death. Never before did the country need such men as she did now, 
when competition was seriously threatening, and she could not and must 
not wait for them, to guide her trade and manufactures, and give their 
Bkill to handicraft. 

He said that they must beware how long they argued amongst them- 
selves how apprentices were to be brought on, and quickly come to a 
conclusion what system they were going to give them, in cases where a 
system or an improvement was called for in our own works ; for it was 
not so much for them to demand that they be skilful apprentices, as to 
see that they have skilful teaching. 
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The phrase in the paper that struck him most was '' the method of 
leanung how to learn/* In this they could find their cue for all sound 
teaching of apprentices. The soouer thej made up their minds 
individually whether schools were to be first and then the shops, or the 
works tirst, then the schools, or both taken together, the better. 

He could only add that they shcaild not forget the debt of gratitude 
they owed Mr. Borrowman for bringing these things before them, and he 
sincerely hoped the Institution would take some specific action in the 
form of a reeommendation to their members, for which he thought their 
ordinary machiuery was quite sufficient, and thus bring some satisffvctory 
and tangible resnlt from this interesting discussion. 

Mr, RonEKT Thompsox said he bad been very much interested in 
the pai)er Mr. Borrowmim had read. He thought shipbuilders should 
receive some credit for the present po&ition, iieeause if it had not l>een for 
Noah's Ark they would not have been there that day ; but it was to the 
engineers they looked more and more for the future prosperity of this 
country. The education of young prospective engineers ^m au 
important matter* There was nothing in the board school teaching to 
fit or bias boy^ for any particnlar trade. It proceeded in certain 
grooves in order to win grants. He saw an instant-e of the restdt not 
long ago. A young man who had passed tlie highej^t grade in a board 
Bchooh when put to address an envelope did not know how to do il^ 
When a lad at school showed an inclination for some particular line of 
life, he thought he should be encouraged in that direction. A teacher 
would really have more influence than a parent in deciding for the boy. 
All the teachers thought of, however, was how they would obtain a 
certain grant per head — that was the main consideration, and not that 
the education should fit the boy for the life he had to live. They were 
passed through the same grind whether they were to be drapers, 
butchers, or engineers. Now% he thought that after the scholars had got 
to a certain standard of general education, the remainder might be more 
adai)ted for the trade or occupation they proposed to follow. In that 
way they would be more fitted than at present to assimilate what they 
saw and lieard in the shipyard or engineering shop. He knew in 
Switzrrland, for instance, if a lad was going to be a merchant, he was not 
put to learn lieouietry or Greek, but how to keep books and balance 
acM'oimts, so that no sooner was he jdaced in an office than his tuition 
luM'aine at once serviceable. He was quite sure if more attention was 
paid t«) the indications of a boy's mind and aptitude for different trades. 
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there would be better results all round than at present. It was a moot 
question whether a boy should go first to a college or the shop ; but he 
(Mr. Thompson) did think this — that if a boy got too old before he 
went to work, it was most difficult to teach him. He thought the 
sooner a lad learnt to work with his hands the better ; and then follow 
on with the technical schools in the evening. They would get the best 
results from a boy taught in that way. He thought much good should 
result from the paper. 

Mr. Henry Gibson felt very much indebted to the writer of the 
paper, but as a shipbuilder he could not quite agree to all that had beea 
said. With reference to boys receiving a special education to fit them for 
their work in life, this would be of great advantage to those who could 
depend upon securing a definite appointment, but we must remember 
that there are hundreds of boys who have not this privilege, and have to 
take such employment as their parents may be able to secure for them. 
Many who would like to be shipbuilders become engineers, and others 
who would like to be engineers find their way into shipyards and other 
places. With regard to the desirability of practical or technical knowledge 
coming first, he believed it was best that the practical should be 
taught for the first two years of a youth's working life. He had had 
some experience in the training of apprentices, and found that those who 
had been at college for two or three years proved less capable workmen 
than others who had received their practical training early in life. 

There were many things to be considered in making a capable 
workmen. A man may be mathematically correct, and all his work 
exactly done, but there was the question of cost. The man who had 
first received a practical training could usually make the work pay 
better, and this is an important matter. 

It seemed to him that the early college training unfitted a youth for 
the more arduous labour of the workshop. 

With reference to foreign competition, and the better education 
referred to in other countries, he believed every man should secure the 
best education possible no matter in what position in life he may be 
placed, and wise on the part of the authorities to give all the assistance 
they could. 

As to the sub-division of labour, it would seem as though many 
people regarded this as an evil state of things, and only brought about 
by employers to facilitate work for their special advantage. He believed 
it was also a great benefit to the men. 
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They had men in shipjardi whom it would be very difRcult to teach 
marking and working from plaoB, and yet these men could mfinipqlate 
machinery, and prepare plates with accuracy and despatch wlien marked 
by a man skilled in this work, and the other man would probably not \m 
able to work machinery to the same advantage- 
Mr. M. 0. James did tiot profess to be able to speak authoritatively 
regarding the training of engineers, bnt as one who bad had upwards of 
ten years special experience in the beaching and training of shipbuilders, 
he could not ^ree with the view taken by Mr. Borrowman that a lad 
should, after leaving school, then proceed to a technical school before 
starting his apprenticeship to a trade ; in factj he considered the pi^esent 
system of technical education worked fairly satisfactorily when there was 
the right kind of students and suitable teaching- An ounce of facts, it 
was often said, wiis worth a ton of theory, and he could point out Rome 
gentlemen now in that room, former students of his^ who had gone direct 
from school to work, attended evening classes during their apprentice* 
ship, and who now occupied leading positions on the official staffs of 
€ome of the principal shipyards on the Tyne and Wear. Moreover, he 
had known many better class working men who had endeavoni'ed 
to improve themselves by studying at night classes, and they now held 
resiK>nsible posts m various yards throughout the kingdom— one in 
particular occupying a very prominent position with a celebrated 
shipbuilding firm in Dumbarton. There were many difficulties, too, in 
the way of ordinary lads adopting such a course as Mr. Borrowman 
suggested — there was the all-important one of £ s. d , where, in most 
Oiises, a lad must needs earn a wage as soon as possible after leaving 
school, and there were also the trade union rules stringently restricting 
the choice of a trade, and the time of entering it. Most trades unions, 
such as the boilermakers' and the engineers' societies, took little or no 
active interest in the technical education of those who were to become 
their members ; now, in his opinion, if a trades union ordered, as they 
did do, that when a man, having become a journeyman, and one of their 
nienibtTS, he must be paid a certain rate of wage, then, surely the 
ein])l()yer should be in a position to say: "Yon must supply me with a 
projicrly trained and technically educated tradesman for the wage 
(k'liiaiuled." He (Mr. James) considered the responsibility for the 
training of ap})rentices should be largely shared by the trades societies, 
tla-y should not admit men as members until they had not only seiTed an 
u]ipr()\ed apprenticeship, but also gone through a suitable course of 
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technical instruction ; unfortunately, however, so far as his experience 
went, most trades unions were absolutely callous and indifferent in the 
matter. He begged to thank Mr. Borrowman for his very able paper. 

The President said engineeiing education was a subject to which 
he had given a great deal of thought. When they talked about the 
" best system," he doubted if there was such a thing as the best system. 
The only thing they could do was to give facilities for the acquirement 
of correct knowledge, and allow each individual to work it out in his own 
way. There was hardly any system but what turned out first-rate men. 
There was no system in which some men were not turned out as wasters. 
He thought the education should be left very much for the young men 
themselves to deal with, each according to his own circumstances, 
talents, and opportunities. For example, at Newcastle they all knew 
more or less the Elswick Works. They had been very successful indeed ; 
but their founder, Lord Armstrong, was, up to the age of, I believe, 38, 
trained in a solicitor's office. His two next right-hand men — Sir 
Andrew Noble and Colonel Dyer — both attained considerable standing 
and distinction as artillery officers before they became professionally 
engineers, yet, as is well known, they were most successful in their new 
calling. He did not from this, advise all of them to begin in a solicitor's 
office, or to enter the army but still this showed them how it was 
impossible to dogmatise as to the best possible training. It was 
exceedingly difficult to teach a handicraft in college, and, as far as he had 
been able to observe, where they had got a number of young, 
inexperienced men, with perhaps, a professor, an assistant, and only one 
or two journeymen to teach a large number of lads, it was almost impos- 
sible to keep up a high standard of work, and one thing he felt sure of 
was this, that it was of the greatest importance for young men to see 
nothing but really first-class work about them. Their best training was 
to see good work, and there never was a time when such a quantity of 
high-class work was turned out as was turned out now. There were the 
many requirements caused by the use of high pressure steam, also 
complicated electric apparatus, new guns, and firearms of every class, 
some of which, as regards design, were looked upon as novel, which 
really are not so. For example, to speak generally, breechloading guns, 
which were only successfully adopted about 40 years ago, were known 
long before our grandfathers were born. They were no use, however, be- 
cause the people had not the appliances and machinery necessary to make 
the breechloading apparatus gas tight to withstand explosion, and so the 
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the idea was valueless because tbe mechanism wtis imperfect. If 
mechanics now had to range over a smiiller field of operations, they had 
to produce tetter work in that field. There are no doubt a certain 
Qumljer of men and boya labelled mechanics who are very poor creatures, 
I have heard a "skilled mechanic'* defined as **man who can file 
atrai^^ht," and there are a few, but probably very fow^ who are content 
not to rise above that low standard. Now, as regards a boy thinking 
he was part of a machine, or that the machine did all the work» really, 
when he begins to realise his position, he also begins to know how to 
modify its action and improve the results, he would learn all the parts, 
and instead of being the servant he would hecomb the master of the 
machine, and be prepared at any time to re-armoge its details bo as to 
bring about a better organ isati on » He was inclined to think that a 
young man who learned to classify his work, and can control and modify 
the methods by which it is done, and co-operate with other men in 
bringing about good and economical resuhs, was a higher class of 
engineer than the man who merely was skiUtii with his fin^rers. In 
regard to the paper he would like to thank Mr. Eorrowman for the 
research andatudy embudiod in it* It was exceedmgly interesting and 
almost an unisjue report, on the technical instruction carried out in other 
countries besides England, He (the President) would give all 
young men this piece of advice, they ought to know themselves. That 
would teach them what no other body could teach them to find out 
talent or aptitudes— it might be designing, or it might be quickness at 
work, or perhaps to be a good man in the engine room of a ship ; but 
let each one make up his mind as to where he felt he excelled, and then 
concentrate his energies into that channel, and perfect himself in that 
line. But he ought to try up to a certain age to be a good all-round 
man before becoming a specialist. He had tried very hard himself as far 
as he had had opportunities, to give all apprentices the best chance 
possible. In the works with which he was connected they put their 
apprentices through a certain course of machines and other work, so 
that l)y the end of their apprenticeship they should know the whole of 
the workshop. They all had very much reason to be thankful for the 
clnss of men growing up around them. 

Tlie discussion was adjourned, and the meeting dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



Sixteenth Session, 1899-1900. 



PROCEEDINGS. 



SIXTH GENERAL MEETING OF THE SESSION, HELD IN THE MARINE 
SCHOOL, SOUTH SHIELDS, ON FRIDAY EVENING, MARCH 23bd, 
1900. 



ROBERT HOME MUIR, Esq. (Membke op Council), in thk Chaib. 



The Secretary read a telegram from the President (Sir B. C. 
Browne) expressing regret that he was unable to attend the meeting. 

Mr. R. H. MuiR, a member of Council, was asked to preside. 

The Secretary read the minutes of the last General Meeting, held 
in West Hartlepool, on February 24th, which were approved by the 
members present, and signed by the Chairman. 

The ballot for new members having been taken, the Chairman 
appointed Messrs. W. Dalrymple and E. J. Crosier to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Christie, David M., Engineer, 95, Great Western Road, Glasgow. 

Hyslop, Alfred M., Marine Engineer, c/o Messrs. Boothroyd and Co., Akenside 

Street, Bootle, near LiveriK)oL 
Lange, E., Engineer, 18, Walbrook, London, E.C. 

GRADUATES. 

Bullen, Thog. H., Draughtsman, 14, Bede Burn Road, Jarrow-on-Tyne. 
Fletcher, Arthur C, Engineer, 5, The Avenue, Wallsend-on-Tyne. 
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The Uiscuseion on Mr, S. J, P, Thearle's paper on '* The BIstributioD 
of Materials in the Upper Works of Large Steamera " was resumed and 
closed. Mr. S, J, P. Thearle replied to the remarks made. 

The Di&cnsfiion on Mr W. 0. Borrowman'e paper on "Some Con- 
eidenitions Affecting the Training of Touiig Engineers " was reaiamed 
and closed* 

The Secretary read a paper bj Mr. W, H. Atherton oo **The 
Fonling of Sliips," A discussion followed which was adjoDrned. 
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RESUMED DISCUSSION ON MR. S. J. P. THEARLE'S PAPER 
ON "THE DISTRIBUTION OF MATERIALS IN THE 
UPPER WORKS OF LARGE STEAMERS." 

Mr. R. H. Muir said, it seemed to some of them only yesterday since 
Mr. Thearle came amongst them. That was the first paper that he had 
read before that institution, and in it he had simply given them a fore- 
taste of what they might expect in the future. To most of them Mr. 
Thearle was a stranger. He had come from the Clyde to the Tyne, and 
he was honourably connected with a society (Lloyd's Society), which 
society, in its wisdom, had, within the last few days, chosen him as one 
of its chief surveyors. The speaker presumed, possibly, to express the 
sentiments of those present, and wished him every success and prosperity 
when he went to London. At the same time, their feeling was not un- 
mixed, because they would very much regret his absence from the Tyne. 
Mr. Thearle, in his paper, said, " It is not supposed that anything con- 
tained in this paper will be new to the members of this institution, but it 
is thought that, being put upon record in this way, the opinions stated 
may lead to a profitable discussion." The speaker took it that Mr. 
Thearle had given them a record of the advance and development in 
shipbuilding during the last 10 or 15 years, a development of which 
shipbuilders were justly proud because it was a development on rational 
and scientific lines. It had marked a period more definite than any 
previous page in the history of shipbuDding. Mr. Thearle also said : 
" In bringing these remarks to a close, the writer desires to say how 
pleased he is to be able to testify to the careful manner in which the 
principles he has brought before you have been recognised in the work 
carried out on the Tyne." The speaker did not for a minute imagine 
that Mr. Thearle meant less than he said, nor that he meant to flatter 
the builders on the Tyne. It was simply a recognition on the part of a 
gentleman who had had a very wide experience on the Clyde and who 
came to the Tyne and found that the builders on the Tyne were actuated 
by such desires on their part not only to give to the shipowner a profit- 
able structure, but a structure for which they could feel that some credit 
was due to themselves. Therefore the speaker thought that that 
recognition on the part of Mr. Thearle from his survey of the yards 
on the Tyne was certainly very creditable to the buildera on the Tyne. 
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Mr. S. J, P, Theablk, in reply, desired to tender his thanks to the 
members for the verj kind reception afforded to his paper, and for the 
criticism which they had ^iven to it. Commencing with Mr. Ho«rg*t 
remarks, he would say that he sympathised with hJm in his desire to 
have the immersion of a vessel ^ov^emed, among other things, by her 
strength ; and this principle was adopted in the application of the 
Board of Trade Rules and Tables for freeboard to spar deck i?essels. 
But, as he was aware, the frecsboard of a Tcssel of full scantlinga waa 
based upon re^rve buoyancy and not npon strength, it being assumed 
that the strength was sufficient to meet the stresvses due to any additional 
immersion allowable on account of tlie deck ei-ections. Mr. Hogg said 
that in such a case the vessel of full scantlings with short erections would 
be unnecessarily Strang if the one with long erections was strong enough. 
He could ouly i-eply that to determine separate sets of scantlings for not 
only vessels of different dimensions, proportions, etc, but also for the 
varying lengths of erections which each vessel might have, arranged in 
the many different ways in which they might occur, would be an inter- 
minable task* It would, of coarse, be possible, but he imagined in 
ordinary shipyard practice it would be found impracticable. He offered 
no objection, hut the contrary, to reverse frames being extended to a 
bridge or a shelter deck when the side plating, etc, of the erection was 
addifcionalTy thickened, and perhaps he was in error in supposing that 
shipbuilders would not be desirous of treating deck erections in that 
manner. Certainly, if the framing and plating of a continuous deck 
erection were made of the scantlings ordinarily assigned to the upper 
deck it would scarcely be correct to describe such an erection as a 
" shelter deck." Regarding Fig. 2 (Plate XIX.), he should mention that 
this sketch was not exhibited with a view to showing the additional 
height of 'tween decks, but merely as an actual case of a shelter deck 
vessel. He was sorry that he was unable to furnish Mr. Hogg with any 
further information regarding it. He had made no calculation regarding 
the case shown by Fig. 8 (Plate XVIII.), but he knew that the vessel was 
at work and had shown no signs of weakness. He thought it was to 
be regretted that Mr. Denny should have disfigured his otherwise 
interesting communication with allusions to Lloyd's Register, having no 
bearing upon the contents of his ])aper, and which were in no way calcu- 
lated to assist in tlie useful and friendly discussion of it. A portion of 
of his n'ply to Mr. Hogg's criticism would apply to Mr. Denny's also. He 
knew soMiething of Messrs. Denny's practice after eleven years' attendance 
at their yard, but he felt bound to state that whatever might be Mr. 
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Denny's opinion on the subject, he never yet knew his firm to extend 
reverse frames to the height of a bridge deck.* He was glad, however, 
to see that both Mr. Denny and Mr. Sivewright advocated the fitting of 
substantial framing whenever a considerable transference of materials to 
the upper works had been made, as he had known cases in which it had 
been argued that if the plating were thickened there was the less need of 
stout framing behind it. Mr. McGlashan did not admire the position of 
the sheerstrake butts in Fig. 1 (Plate XVIII.) and he must confess they 
were not exactly where one would wish them to be. The sketch was not 
shown as an ideal butt arrangement, but to show an actual case which 
was that of a passenger vessel doing her work very satisfactorily. As 
Mr. McGlashan well knew, it was not an easy matter to arrange all the 
butts of side plating, doublings, stringers, etc., so as to keep them as 
far clear of ports as one could wish, and in this case the precise positions 
of the doors were not known when the shell butts were arranged. 

He now had the pleasant duty of thanking Mr. Muir for his very 
kind remarks in regard to himself and his paper. Mr. Muir had spoken 
of his (Mr. Thearle's) reference to Tyne shipbuilding and his opinion 
thereon. He came to the Tyne after a sixteen years' residence on the 
Clyde, which river it had often been impressed upon him was the hub of the 
universe as regards shipbuilding, also that no good thing could come out 
of the North-East Coast. That was a very common and erroneous 
impression. He, however, had found, as he had expected, that the work 
on this river was as good as any he had been accustomed to. He had 
had a very pleasant stay on the Tyne during the seventeen months he 
had been there, and he trusted that his duties would enable him to come 
to the North occasionally, and if they did he hoped that those visits 
would coincide with the meetings of the Institution, of which he would 
always be proud to be a member. 

On the motion of the Chairman a hearty vote of thanks was accorded 
by acclamation to Mr. Thearle for his valuable paper. 

•Editor's Note. — The Secretary has received the following letter from Mr. S. 
J. P. Thearle :— 

Lloyd's Register of British and Foreign Shipping, Newcastle-upon-Tyne. 

May Vlth, 1900. 
Dear Mr. Dcckitt, 

With reference to the remarks made by me recently at South Shields in reply 
to the discussion on my paper, I desire to state that Mr. Archibald Denny has 
given me satisfactory evidence of his firm having, in at least two instances, ex- 
tended reverse frames to a bridge or shelter deck. 

\ ours faithfully, 

S. J. P. THEi 

VOL. XVI.-1»00. 
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DISCUSSION ON MR. W. C. BORROWMAN'S PAPER ON 
"SOME CONSIDERATIONS AFFECTING THE TRAINING 
OF YOUNG ENGINEERS." 

Mr. D. Myles said he thoroughly agreed with Mr. Borrowman that 
apprentices to the engineering trade while serving their apprenticeship 
shoald at the same time study the scientific and technical side of the 
subject. Anyone who saw the very rapid advancement of some of our 
continental rivals could not but consider what was the reason for their 
advance. In some cases they had quite outstripped us, and he thought 
that it was very largely due to the greater attention which they paid to 
the training of their apprentices. At the works with which he (Mr. Myles) 
was connected, the firm every year gave prizes to the apprentices who 
attended evening classes. These prizes were awarded on the results of 
the Government examinations held at the end of the session, and also 
attendances at any other classes or lectures. Out of the number of 
apprentices employed the per centage who sent in the necessary returns 
for the prizes given by the firm was disappointingly small. That was 
confirmed by the experience he had in connection with science evening 
classes. In large districts Uke what they had on Tyneside the number 
attending these evening classes was very small indeed, and if something 
could be done to make it obligatory on apprentices while serving their 
apprenticeship to attend evening classes, making it part of their training 
it would be a very great improvement, in his opinion. He would not at 
all advocate reducing the length of apprenticeship in the shops, he 
thought that five years was quite as short as it should be ; but he was 
strongly of opinion that after an apprentice had finished his day's work in 
the shops, he ought to continue by going to the evening classes, two or 
three nights a week at any rate ; and if it were possible to devise some 
means whereby firms, when they start apprentices, should make it 
a condition that the apprentices should attend some classes he thought 
it would be a very great improvement ; he thought the subject treated 
by Mr. Borrowman very opportune and ought to do a lot of good. 

Mr. S. J. P. Thbarle said he would like to mention in connection 
with the remarks just made by Mr. Myles, that in the Royal Dockyard it 
has been the practice for at least fifty years past to insist upon every 
apprentice attending classes in the Dockyard Schools on two evenings 



152 DIB0UB8I0K— THE TRAINHJe OF VOUNQ £HGtIKS£HH. 

and two afternoons of each week daring the first three years of their 
appi"entkeBhiih He understood that an engineer apprentice in thia 
district worked from six in the morning nntil five in the evening with 
the usual intermissions for meals ^ and he thought that if the lad had 
done a fair day's work he would not feel very much iucUued for the 
further fatigue of mght study. In Her Majesty'i senice that 
conaideration was recognisedi and so the apprentices were allowed to 
leave their work an hour or so before the usnal time so that they might 
rest themselves, change their clothing, take tea, etc, before commencing 
their evening studies in the achooL The time for the afternoon clasaefl 
was paid for by the Government the same as if the apprentice had been 
at work. This system extended over the fii-st three years, and the 
apprentice was allowed to continue his studies for a fourth year if found 
to take proper advantage of the privilege. Whether or not his studies 
were further extended depended upon his posiition on the half-yearly 
examination List. If of exceptional ability, the studious young man 
might attain a free studentship at the Royal Naval College which 
opened the way for the highest positions in the constructive 
department. He (Mr. Thearle) eoDsidered that if an employer wished 
that this kind of edticatiou should be added to the training afforded in 
the shops, be should assist by giving the young men a portion of the 
time which would otherwise be devoted to their work to enable them to 
attend classes, and not expect the apprentices to study for several hours 
after working from 6 a.m. to p.m, 

Mr. W. Dalrymplb said no doubt the education of the engineer 
was a very important matter ; but, at the same time he thought an 
engineer was " ly)rn, not made," and no education in the world would 
make a man an engineer if he was not born one to begin with. A con- 
siderable percentage of the youths were apprenticed to engineering 
simply because they could not get to anything else. It was such a 
difficult matter to place a lad in business that parents were glad to get 
them to work at anything, so the lad might be at a business for which 
he was unsuited. Many went to be fitters and pattern makers who might 
liave l)een better in grocers' shops and others, no doubt, were in grocers' 
s^liops who oiii^^lit to liave been mechanics. He thought sonictliing should 
hr (lone to assist any youtli who would take the tron])lo to attend science 
(■l.isses in tr.<i (^vcninL' 5»fter his day's work was done. Such youths ought 
to he encouraged by every means. He was si)eakinL*" from experience. 
When he (Mr. Dalrymple) was an apprentice, they worked from six 
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o'clock in the morning to six at night. It took a very great deal of 
zeal in engineering after getting home to attend classes held then in the 
School of Art, Newcastle. He thought more could be done for such 
attendance by giving those willing to attend the classes a little more 
time to enable them to do so. 

Mr. R. H. MuiR said the paper dealt with a subject upon which it 
was impossible to come to a unanimous conclusion. Up to 15 or 16 
years a boy received the ordinary school education. It then became 
necessary to find the bent of his mind and the future education should 
follow that course. If he chose engineering he should go into the shops 
for two or three years, not neglecting his studies meantime, still 
not making him altogether one-sided. That portion of the paper which 
said the boy ought to have a hobby outside his main work, he fully 
endorsed, be it music, astronomy, classics, or whatever he liked best, but 
it must be something — plus exercise, and, first and foremost, hs placed 
volunteering. What was most desired was to make good all-round men 
of them. 

The following communications have been received by the Secretary : — 

Dbar Mr. Duckitt, 59, Bath Street, Glasgow. 

I have had great pleasure in reading Mr. Borrowman's paper, more 
especially, since I have the honour of claiming him as one of my 
most successful old students. From a continuous experience of twenty 
years teaching, I have been lead to the conclusion, that the education 
and practical workshop training of mechanics, draughtsmen, managers, 
and possible owners of engineering works should be differentiated as far 
as possible, from the time youths have passed through- their elementary 
education. One cannot lay down absolute hard and fast lines for each 
class, in the same rigid way, as has hitherto been customary by the 
authorities in the case of applicants for the church, law and medicine, 
or for the navy and the army. Nevertheless, seeing that the old system 
of a continuous 5 to 7 years' workshop apprenticeship has undoubtedly 
broken down, in respect to those who aim at the higher branches of the 
engineering profession, we have to consider most carefully, how each 
section of the great body of mechanics and engineers may most profitably 
spend the years between the preliminary day school and their making 
a living wage or income. Of course, there should, and there will, always 
be opportunities for the steady, industrious, clever lad forcing his way 
from the poorest circumstances to the highest and most lucrative posi- 
tions, whatever courses may be laid down for the average person : just 
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as in the prominent and recent caBe of Gksneral Hector MacDoEmld^ 
naturallj rising from the ranks to the command of the Highland Brigade, 
on account of his innate soldierly characteristics. 

Home and foreign competition has so stimulated the inventor to deviae 
special self-acting tools, and maatera to elaborate the dividons of labour, 
that the all-round millwright stamp of man has almost disappeared. Con- 
sequently, those who wish to become mechanics and nothing more, have 
to be content with learning one branch of a trade. Moreover, should 
they desire to learn more, both masters and men are hampered hy the 
several trades' unions (who lay down such rigid and narrow-minded rules 
in regard to the number of apprentices for each class), that there is much 
less latitude permissible nowadays, than used to be the case some thirty 
to forty or more years ago. I have been in the habit of suggesting the 
following courses for the different sections, and I believe, that if faith- 
fully carrieil out, they will be found to be even more exacting than what 
is usually demanded : — 

For Mechanm. — (1) A good school board or elemeotary education 
up to the end of the sixth standard, or at least until the lad is 13 or U 
years of age. (2) Five years at one branch of the trade, such as 
pattern-making or turning, or fitting and finishing. (3) Coincident 
with the workshop, regular attendance at evening classes during the 
winter months. This coui*se should be so carefully graduated that a lad 
cannot take more than two subjects each winter, and that arithmetic, 
freebaiiil, and mechanical drawing with epecial rclereDce to his trade 
should form the basis for any subsequent science and evening trades' 
classes. (4) Volunteer drill and target practice, &c., during the summer 
evenings. Masters should on no account be encouraged to pay the small 
evening class fees demanded for attendance at any one of the many excellent 
junior evening classes now to be found in every busy centre of industry. 
The youth should rather be stimulated to save up sufficient money 
from his apprentice wage to pay for classes and books, or to compete for 
an evening class bursary, when he will all the more thoroughly value the 
instruction and privileges thus afforded him. The masters should, how- 
ever, be asked to note the classes attended and the progress made by each 
apprentice, and give him due credit for the same, in conjunction with his 
steadiness and skill as a workman, when he has completed the airreed upon 
term of a])prc'nticeship. An effort should also be made to so interest the 
'' Tnides' Unions" that they shall also recognise evening classes, as has 
])een musi successfully done in the case of the National Registration of 
Plinnbers. Further, there is no great difficulty in teaching different 
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subsections of a trade to senior apprentices in evening classes. This has 
been carried out with gratifying results in Glasgow. For example, the 
plumbers have here practical evening workshop classes in addition to 
the regular course of lectures. Thereby, those who may not have had 
experience in their master's workshops in certain kinds of jointing, or in 
making the latest devices for sanitary appliances, can do so, and thus be 
all the better prepared for their journeyman's examination, which con- 
sists not only in sketching and describing apparatus, but also in proving 
that they can handle different tools and make different things in a work- 
man-like manner, and within a reasonable time. 

For Draughtsmen, — (1) A good sound secondary education (but 
without any Latin or Greek) up to 16 years of age, or the passing of the 
junior leaving certificate of the Education Department. (2) Three to 
four years in one or, if possible, two departments of a workshop, where 
one should be pattern-making or moulding, and the other fitting and 
erecting. (3) One to two years in the drawing office, until the five 
years of apprenticeship have been completed. (4) Evening classes 
throughout the whole five years of apprenticeship. These classes to be 
so graduated and arranged that not more than two subjects are studied 
during each session. These subjects should include mathematics, 
engineering drawing, natural philosophy, mechanics and steam ; in fact, 
everything that is covered by the senior evening class certificate in the 
engineering section of a good technical school or college. (5) Volunteer 
drill and target practice, &c., during the summer evenings. 

For Managers and Owners of Worlzs. — (1) A sound secondary 
education, including two modern languages, up to 17 or 18 years of age, 
or the passing of the senior leaving certificate of the Education Depart- 
ment. (2) Three winter sessions (5^ months each) at the day classes 
of a good technical college, with the two intervening times (5^ months 
each) in an engineer's workshop.* (3) The remainder of the five years 
should be spent in the works and drawing office, together with attendance 
at senior evening engineering classes during the winter months, and 
volunteer drill and target practice, &c., in the summer months. During 
the time that the pupil is at college, he should aim at obtaining the 
engineering diploma of the Institution where he studies, and of passing the 

* I should have stated here that I do approve of workshops in connection with 
Technical Schools ; for thereby, many youths and their parents may be 
saved much after-pain and disappointment in finding out, or from being 
informed by the teacher, that the aspirant has no turn for mechanical work, ana 
should turn his attention to some other calling without attempting to become an 
apprentice engineer. Mr. Borrowman very properly mentions other uses of such 
workshops. 
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Entrance Examination for the Studentship of the Institution of Ciidl 
Engineers, Should he have a special aptitude for study and his 
parents are able to afford it^ he may be encouraged to ultimately 
take tbi; B.Sc. in Bngiiieering Science at one or other of onr universities, 
and of passing the examination for the aAsociate menihership of the 
Insititution of Civil Engineers. Whan he ib lu the workshop and draw- 
ing office he should aim at nuderstanding how to manage men, toolSj 
and methods of doing work to the best advantage ^ in addition to the 
effort to become a fairly skilful and by no means slovenly workman. He 
should as far as possible study '* workshop administration, with special 
reference to tracking work, and promptly ascertaining detailed crests and 
profits,"* Whilst he is a volunteer he should aim at ultimately becoming 
BU officer of volunteers. 

I very soon found, tbat it was quite useless to expect young men to 
go for part of a day to a works, or to an engineer's office^ and then come to 
college for the remainder to day classes ; and hence, I instituted m the 
College of Science and Arts, Glasgow (now tbe Glasgow and West of 
Scotland Technical College), a 5j months* winter session, where the 
student must attend the college onh/^ and go wholhj to a works for at 
least the other 5i months of the year. The English syatern of having 
three short college terms, so breaks up the year, that work -managers are 
most unwilling to take on young men for a few weeks at a time ; whereas, 
they do not object to doing so, in fact they are quite pleased to try a 
young man for 5^ months on end, if he has s good record for the previous 
5^ months at the day classes of a technical college, and promises to 
come back again after the following session. 

In a paper which I read at the International Congress of Electrical 
Engineers in America, during the Chicago Exhibition of 1893, I put 
before engineering educationalists and " master mechanics " the results 
of this plan, and they all admitted that it was far preferable to many of 
the other inextricably mixed-up methods of educating the young 
engineers of the higher or wealthier order. In America I found, how- 
ever, that the school and college teachers believed greatly in their 
workshops, as compared with our system of sending young men into a 
regular engineering works. There can be no doubt about it, that 
in tbt' expensive scliool and college workshops of America, wherein they 
have some very line tools and a very perfect system of supervision, with 
skilled mechanics to train the young men how each piece of work should 
l)e dune 10 the l)est advantage, they do turn out very neat mechanicians 

* Sl( tin rroceedings of the Institution of EngiLcers and .Shipbuilders in 
."^coilaiid. April, 1900, for Mr. David Cowan's paper on this subject. 
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and some clever inventors. These same young men do find good positions 
afterwards in works, although they may not be, and do not aim at being, 
actual skilled working-men at the vice, lathe, or tool bench. After, but 
not before the apprenticeship is over, the fully fledged young engineer 
should be encouraged to join one or more of the many Engineering 
Institutions, such as the one before which Mr. Borrowman's paper was 
read. Since these engineering institutions have as a rule what is 
variously termed a " Graduates' " or " Students' " section, the newly 
enrolled junior member can so gradually take part in the discussions and 
the writing of papers, that before he advances to associateship or to full 
membership, he will have so thoroughly overcome any natural shyness 
and inability to express himself clearly and to the point, that he will take 
a perfect pleasure in studying the views of others, and of keeping abreast 
of the times in more than one branch of engineering ; although, he may 
perforce have to gain his livelihood in only one department thereof. At 
least, he will conclude that he is not yet too old to learn from others what 
their views are, and to b« thankful for the chances which he had, in being 
taught systematically how to learn. Yours faithfully, 

Andrew Jamieson. 

Municipal Technical College, 
Dear Mr. Duckitt, West Hartlepool. 

In making a few remarks on Mr. Borrowman's excellent paper, I 
think it may be taken for granted that the question as to whether our 
young people are to be technically educated or not has been settled 
for us long ago. We must give them a sound practical and theoretical 
acquaintance with the industries in which they are to work. The great 
need of the moment is that employers of labour should be brought 
to recognise this fact. It is sad to think that there are so many 
employers of labour who still rely on the position that England got on 
very well in the past without technical schools. They forget that the 
conditions of to-day are entirely changed. We got our supremacy from 
a number of political and other causes, which no longer operate. We 
have now to defend our position against the most determined and the 
best equipped foes, and for this warfare the best possible training is 
needed. The old apprenticeship system is not exactly suited to modern 
conditions and it is falling into disuse ; but a substitute for it is wanted. 
So many and various are the branches of any great modern industry, that 
it would be impossible for the employers to undertake, as they used to do, 
that every youth committed to their care should learn all ; and, indeed, 
a lad of ordinary ability would be bewildered by the attempt. But it 
does not seem impracticable to revive the apprenticeship system in a 
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moditiGd form* The plan of spending the ail winter months of several 
years after leaving achaol In learning science, aad the six summer 
months as articled pupils in large workuhopa can only be adopted in 
large towns, utid even then there are practical difficulties which can be 
overcome onlj by the cordial and generous co-operation of the heads of 
large firms with the college authorities. Another excellent plan is thiiL 
adopted in the school attached to the worka of Messrs. Mather and 
Piatt, at Manchester* The drawings made in the achools are of work 
acLuallj in progress in the shops* One day the U^acher gives the 
necessary explanations and calculaiiona, and the next day the scholars 
see, as it were on the aoyil, the very thing which has been the subject 
of his lecture* For the present it would Beem (esiiecially in small towna, 
where technical schools are for the most part only engaged in giWng 
science teaching) that the chief part of secondary tcclmical schooling 
should not i>rt*cedc but accompany work in the workshops* The 
apprentice can only be taught one sub-division of his trade in the 
workshop. It m to the technical college we must look to supplement 
this by a theoretical knowledge of all branches of the trade. It should 
not be forgotten that a good general education is the foundation of the 
special education for special avocations* A lad well trained to use hiB 
eyes and hands, his memory and common sense, has a good outfit for 
moat ordinary employments. If he has further general accomphah- 
ments, tbey will in themselves be no hindrance, but often a great help. 
It li}!"^ b(^oTi nn tired bow nnicklv those whfi hnYi- nnjuvrd higher general 
education are able to acquire the technical details ot particular trades. 
It is true that there are many kinds of work which can be done as 
efficiently by an uneducated as by an educated workman ; and that the 
higher branches of education are of little direct use except to employers 
and foremen and a comparatively small number of artisans. But a good 
education confers great indirect benefits even on the ordinary workman. 
It stimulates his mental activity ; it fosters in him a habit of wise 
inquisitiveness ; it makes him more intelligent, more ready, more 
trustworthy in his ordinary work ; it raises the tone of his life in 
working hours and out of working hours ; it is thus an important means 
towards the production of material wealth. The wisdom of expending 
public and private funds in education is not to be measured by its direct 
fruits alone. It will be profitable, as a mere investment, to give the 
masses of the people much greater opportunities than they can generally 
a\ ail themselves of. For by this means many, who would have died 
unknown, are enabled to get the start needed for bringing out their 
latent abilities. And the economic value of one great industrial genius 
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is sufficient to cover the expenses of the education of a whole town ; for 
one new idea, such as Bessemer's chief invention, adds as much to 
England's productive power as the labour of a hundred thousand men. 

Yours faithfully, 

j. woodhead. 

Dear Mr. Duckitt, 44, West George Street, Glasgow. 

I thank my friend the author of this paper most cordially for giving 
me the pleasure of reading it, and the privilege of joining in the 
discussion. With the views set forth I am, generally, in entire 
agreement ; whatever minor points upon which I feel inclined to join 
issue with him, being merely trivial compared with the major ones. A 
paper like this is well timed at the present, when we are being pressed on 
all hands by foreign competition, and when an active militant 
educational spirit is abroad. The author's remarks, it is true, have 
special reference to the training of young engineers, but if for 
*' engineers " we read " chemists," " textile manufacturers," or any other 
trade or group of trades, the remarks are equally true and pregnant with 
suggestive meaning. " Suggestive " is, I believe, the term that best 
describes the scope of the paper. It is not meant to be exhaustive — 
indeed its title seems to disclaim all intention to be such — it is meant 
more to give a trend to one's ideas on the subject, to stimulate thought 
and inquiry, to invite elaboration from the minds and experiences of 
others. But, as I have already remarked, it comes at the right time. 
It was said of Khartoum Kitchener, the other day, that some one asked 
him what was the first thing he was going to do about our transport 
service in South Africa. "Are you," said the inquisitive one, "going 
to re-organize it?" ."No," replied he (with what the newspapers 
described — if I remember rightly — as a sardonic smile), " I am going to 
organize it ! " That, it seems to me is what is wanted with our whole 
" system of education " — if that can be called education which is merely 
instruction, and which has no system at all in its invertebrate being — 
organization. At present, it consists merely of a number of more or less 
disjointed units — disjecta membra the anatomists would call it — separate 
links, strong enough each may be in itself, but without the intimate 
union that would form them into a chain. Hitherto, as is ably shown in 
the paper, we have had far too much instruction — mere piling up and 
cramming in of facts — and far too little education, of " teaching children 
to teach themselves," of inculcating of principles and ideas. The 
system which has, up till quite recent times, been administered from 
Whitehall is altogether responsible for the methods of teaching that have 
led to such results. It has been urged over and over again, but with 
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very Uttte effcctf that anch a system ifi far too bookish — appe^i too 
much merely to the memory and too little to the sens^ and the 
reasoning faculties, A child is not hcing educated, in the real sen&e of 
the word, who m not taught to look for the reason behind the fact and 
from this to gene mime within pmp^sr limits- 

The first thing essential to be done then is to impress otj our 
legislators the necessity of haring a root idea which wili govern a 
complete system of education from onr primary schools to our nniversi- 
ties ; ftud after that to convince them of the paramount nectssity of 
co-ordination amongst our vai^ious educational agencies, so that no one 
win overlap any other in the subjects tmated, nor run c^iunter to it in 
the methods adopted in treating them. It matters little what the root 
idea may l>e, only let them get some one idetv to serve as a foundation 
and point of departure, I have so much faith in them, as to believe that 
a real workable, living system would foUow, such as would revolutionize 
our whole educational fabric. 

Then it must l>e brought home to municipalities, as governing 
iKxlies and as repre^nting large collective interests, that their well-being 
is bound up in such a thorough scheme of national enterprise, and that 
it is not merely a matter of eclecticism, but that it is actually and renlly 
one of bread and cheese ! 

With muDicipahties thoroughly interested it ought not to be a very 
difficult matter to convince our merchant princes (who, after all, are 
mustlj beiiLlited by the thorough and systematic training of theii* 
workpeople) that it is to their direct interests to put their (financial) 
shoulders to the (educational) wheel and see that it does not stick in the 
mud of neglect or postponement. 

But all this is mere talk and unless something is done in the matter, 
nothing more fniitful than that most fruitless thing, an academic 
discussion, will ensue. It is certainly high time that something was 
being done to give us an educational system at least on a par with the 
best of our Continental neighbours, and there is no body by whom 
pressure could more justly or more actively be brought to bear than by 
your own or some other similar Institution. I l^elieve the time is ripe, 
and that much good could be done by a powerful combination of the 
uivat institntt's of the land — Mechanical, Civil, Engineering, Chemical, 
I'K'ctiical — in c>)njnn('tion witli the Chambers of Commerce of the various 
centres of trade. A word to the wise is — or ought to be — enough. 

Yours faitlifully, 

T. Crichton Fulton. 

The discussion was closed. 
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THE FOULING OF SHIPS. 



By W. H. ATHERTON, B.Sc. 



I^HBAD BBFOBB THB INSTITUTION, IN SOUTH SHIBLDS, ON MaBCH 23, 1900.] 



I. — The Nature of Fouling. 

A clean, newly-painted ship, floating quietly in sea water in the 
the vicinity of land, soon has her bottom, if unprotected, seized upon as 
a suitable field for the growth of vegetable and animal life, so. that, 
under conditions favourable to fouling, it becomes covered in a few 
months with a plentiful crop of grass, sea- weeds, barnacles,* mussels, and 
similar low forms of marine life. So great is the increase of skin 
resistance due to the presence of this fouling matter that a 12-knot 
ship is often reduced to an 8-knot ship, with a cprresponding loss of 
time and waste of fuel. The subject of the fouling of ships and its 
prevention is therefore of very great practical importance. It is also 
rich in scientific interest, as it involves many instructive mechanical, 
chemical, electrical, and biological considerations. 

The circumstances which promote fouling are the following : — 

(1) Lying at anchor in shallow water. In all probability fouling 
seldom begins when the ship is in motion on the open sea ; though, no 
doubt, the growth of vegetation and animals which have attached 
themselves while in harbour goes on continuously. 

(2) Rough corroded surfaces foul more rapidly than smooth surfaces, 
80 that if only for this reason it is wise to take every precaution against 
the corrosion of ships' bottoms. Even the smoothest bodies, such as 
glass bottles, will roughen and foul in course of time. 

(3) High temperature is favourable to fouling. During the spring 
and summer months marine vegetation grows apace, but winter is a 
period of comparative inactivity. In the harbours of tropical climes, 
fouling goes on with special rapidity. 

(4) The prevalence of the germs of fouling matter, owing to certain 
local peculiarities. The waters of the Dutch Indian archipelago, for 

• See Note I. in the Appendix. 
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ioBtance, hav^ a very bad reputation. The ports of Java are prot 
the worst in the world. It hos been stated that vessels Ijing at Sura 
for a week, at almost any time of the year, will get ford in Bpite of 
best corafwjsition ever invented, and that even the copper-bottomed e 
discharging or loading at this notorious port come home covered 
shells 4 inches to R inches long. The mm] ateamera running to Manr 
seldom return clean, although they dock and repaint three or fonr t 
a year. On the other hand, comparatively little fonling goes on at 
port of Calcutta, at the Chinese fresh-water ports, at the antipodei 
the North Atlantic ports, and at the Baltic and European ports 
erally, excepting those on the MeditcTTanean. 

Fonling apparently does not take place to any aerions extent io 1 
and brackish waters : a fact which long ago led that pioneer of iron t 
building. Sir William Fairbaim,* to make the following suggestion ;■ 

Tbe subject of fooling and tbc adbe^iou of ))arimcle» to th(* liiiU* of iron v 
hm been, sitic^ tbeir Atst tiitr<Mlt)et]i>ti. ft (ioutre of trociMe and of clitBcultj far ^ 
no eifectaal remedy ba* been applied. On eiM(niry »t LivttrptKjl &a i& the elfl 
fonliag of iron veaseb tmcliug between that port and Cak^ntta, 1 was iufDrtu^ 
Captain Campben, of the '* Kenymi/' that he had no trouble with \ih ship, i 
lilatea w&re loft perfectly dctiii aftcyr hviiig a ^hoft time in the fresh wttttr e 
Hoof^bly, If thii be tbe ctLst^. nby not have dock« or baains Jille*! with fresh i 
at tbe different port*, into wbieh vessols covereil with moUnsca mijjbt be float o 
the purpo&e of eliBatiHiDg and removin;^ the obatrnctionB to which they are «t 
when hnilt of iron ? H h an easy mode of getting quit of the nnisance, and 
withottt injury to the iiliite&. 
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IL— The Effkct of Foxtlikg. 

The principal effect of the fonhog of a ship is an eDormoue inci 
of the reaiBtaDoe experienced by the ship in its passage throogh 
water ; causing lose of apeed, and also in the case of a steamship, ^ 
waste of coal. By fouling, the coeflicient of friction is quite conim 
doubled ; and ships occasioDally become so foul that the skin fri( 
mounts np to four times its value for a clean bottom. A few progi^e 
SEspeed trials of shij:^ in various stages of foulness would be 
interesting. 

In Fig* 1 the full curve shows the actual indicated horse-p 
lit pTOfrressivc speer^s required to drive the United States cr 
" York tow II." Tilt.' dotted curve shows the calculated power requin 
(Irivf the fillip wheu uiodcratdy foul, supposing the skin friction t 
dmiMed. The speed for a ^^wtn power ij? tlien almut two knots less 
iK'furu fouling. 
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The indirect effect of fouling on the speed should also be recognised. 
For a given referred mean pressure on the low-pressure piston the 
increased skin resistance causes a reduction of revolutions per minute ; 
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SO that, unless a later cut-off in the high-pressure cylinder, or else a 
higher initial pressure can be given, the indicated horse-power will fall 
off along with the revolutions, just when all the available engine power 
is most needed. 

A few figures will serve to give some idea of the waste of fuel due to 
fouling. Cases are on record where a few months in tropical waters have 
caused such an amount of fouling as reduced the speed of the ship by 
one-half. But take the more moderate case of a cargo boat, capable 
of steaming at 12 knots when clean, with 2,000 indicated horse-power at 
80 revolutions per minute, and suppose she can do only 9 knots when 
foul. With the same referred mean pressure, the revolutions per minute 
corresponding to 9 knots will be about 60, and the power wDl be reduced 
to 1,500 indicated horse-power. Now, the power needed to drive the 
ship, when clean, at 9 knots would be only about 

(9 \3 
— ) X 2,000 = 844 indicated horse-power, 

assuming that the efficiency of propulsion is constant over the range of 
speed considered, and that the power varies as the cube of the speed. 
Hence the power wasted in overcoming the extra skin friction is 
1^500 — 844 = 656 indicated horse-power, which is no less than 44 per 
cent, of the power developed at the lower speed. Assuming a coal 
consumption of 1'5 lbs. per indicated horse-power per hour, the waste 
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i}f coaJ per day caused by fouling will be 24 x I"5 x 65i» Ibe* = 
2B,616 lbs. = 10%^^5 tons, aud i^er montli 316 tons. With coal at the 
3ow price of 10s, a toe, thifl represents a Iosb of £185 per month fo? 
fuel alone. (The present price of Welsh steam coal is abont 23s, per 
ton.) Of course, the delay caused by fouling and the increaiied wages 
to be paid per voyage are also important considemtdons. 

III. — The Prevention op Fouling by Metal SHEAXHiifG* 

The practice of sheathing sihips is of great antiquity, relics of Roman 
ships having lieen found, it is said, covered with plates of lead and 
copper. For hundreds of years copper sheathing undoubtedly has been 
applied to wooden ships, in order to protect the timbers against the 
ravages of worms, and to preserve a clean bottom, Muntz or yellow 
metal, an alloy cooaisting of S partB of copper and 2 parts of mc, has 
also been used with success* Zinc sheets have been tried on several 
ships, notably the Italian battleship '* Italia," but have not proved ii 
great sui^ces^. 

In the early days of iron ships great outcries were raised by their 
opponentfl because the bottoms fouled so rapidly. Accordingly copper 
sheathing m\& tried ; but at first the remedy proved worse than the 
disease, for the immersion iu salt water of iron aiul coppt^r in metallic 
contact led to powerful galvanic action and the rapid destruction of the 
iron, as explamed in Note li. ot the Appendix. iJetore copper sheathing 
could be made a success, very careful insulation from the hull, in the 
shape of wood backing, was found to be absolutely necessary, and this 
meant great expense, as well as increased beam. 

The present price of zinc sheets is about £30 per ton, and of copper 
sheets about three times as much. No doubt some member will be able 
to state the entire cost of sheathing, in the best manner, a cruiser of, 
say, 5,000 tons displacement. 

For the protection of warships against fouling, no composition is 
e([niil to properly insulated copper sheathing. Accordingly, the chief 
constructor of the United States Navy (Rear-Admiral Hichborn) strongly 
urired, in his last annual rei)ort, the importance of sheathing all warships 
intciulrd for distant service. As a result, the new U.S. battleships will 
bt' sheatlR(l with coppei'. Further, six second-class cruisers recently 
ordered for the same navy will be sheathed with pine up to 30 inches 
above tlie water-line, and then coppered ; the anti-foulinir virtues of 
this method having been amply demonstrated during the late Spanish- 
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American war. Many Elswick cruisers for foreign powers are sheathed 
with wood and coppered. 

In Fig. 2 is shown a method of insulating copper sheathing from an 
iron or steel hull. Each of the wrought iron bolts is screwed through 
the plating, and further secured by a hemp packing ring, steeped in red 
lead, a thin washer, and a nut. The head of each bolt also rests on a 
hemp packing ring (or " grummet "). The outer planking is secured to 
the inner by naval brass screws, f inch diameter, packed in a similar 
manner. The surfaces of 
the planking in contact, 
also the outer surface, are 
well painted with a mixture 
of red and white lead. The 
«dges are caulked with 
oakum. Lastly, sheets of 
tarred brown paper separate 
the copper sheathing from 
the planking, to which it is fastened by copper nails. Almost as much 
care is thus taken with the insulation as in the case of electrical 
machinery. 

In spite of all these precautions, the insulation is not perfect, but the 
electrical resistance is sufficiently great to reduce the current to a harm- 
less magnitude. In fact, in recent ships a single thickness of planking, 
well caulked and fastened with bolts, has been found sufficient. In ships 
thus sheathed there exists the danger that should any damage to the 
insulating material take place, as by grounding, the small exposed area of 
iron bottom plating and the large area of copper would together form a 
voltaic couple, with the inevitable result of rapid corrosion of the iron 
or steel plates. The American practice in the sheathing of warships is 
described in Note III. of the Appendix (page 175). 

According to Sir W. H. White, a very large number of sheathed 
ships are now employed in the Royal Navy and in foreign navies. The 
extra cost and weight of the wood and copper sheathing and of the 
bronze stems, stern posts, and rudders must be regarded as the price 
paid for securing the maintenance of speed during long periods afloat, 
and the avoidance of frequent dockings and recoatings, such as are 
necessary in unsheathed ships. 

A recent example is the U.S. cruiser " Denver," of 3,200 tons dis- 
placement, described in Engineering/, January 12, 1900. The hull is 
sheathed with a single thickness of 4-inch Georgia pine, covered wjth 
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copper weighing from ^8 oz. to 32 oz. per square foot. This represents 
a thieknejB of about ^^ inch. 

Tiioagh copper is the best anti-fouler known, it is by no means 
perfecL A friend reports that when, mauj years ago, he used bo dock 
and recxjpper the Tees floating lightship every three years he found it 
necessary to scrape off tons of mussels, Mr. H* van Meerfcen, late chief 
coustnictor of the Dutch navy, in a recent letter to the author, also 
says : — 

From time to titiic I li»ve dtoclied copper-^sheathed shipH badly fouled^ withr^ut 
having diicovcred any fipparoiit reason f^>r this fouUTig. A^kI, curiously etioiif^b, 
copper whic)i hris lo*t its anti-fouling prS3pertL»i %wm.9 not to be able to recover thein. 
Copper oncB fooleid, either by elcctoj^uegativhig it with zinc, or througli other 
unknown re^isoniif however wtU eleoned iii dock, soou becomes again fouled, Some 
jM^mmDent »etting of the nialecnlea ujuit be the cause of thi^i stracge cironui stance ► 

From ti theoretical prjint of viewi xiuc possesses great advantages over 
copper as an anti-fouling material— because zinc is electro-positive to 
iron, and therefore protects the latter from corrosion. Hence its use has 
been strong! j advocated by many writei-s^ and several modes of attaching 
adnc sheets to iron hulls liave boen devis^. But in practice zinc 
sheathing has proved a failure. The fact is, ivheu zinc and iron are in 
good metallic connection, the zinc is fairly effective as an anti-fouler so 
long as it lasts, but its life is shorfc. On the other hand, when the two 
metals are ml in close metallic connection, or are insulated, the zinc 
lasts a long time, but is very little use as an anti-fouler. It has also 
been found that zinc becomes so rough, after a short period of service, as 
to increase the skin resistance of the ship very materially. Other 
objections to zinc sheathing are that it wastes away in a very uneven 
fashion, and that it becomes so brittle after no great service as to break 
off in patches. 

The cause of the anti-fouling properties of metallic sheathing is a 
decidedly vexed cjuestion, upon which doctors disagree greatly. Three 
theories are current, namely : — 

1. The mechanical, or exfoliation* theory, i.e,, the scaling off in 

thin layers of small portions of chemically altered sheathing. 

2. The rhemical or dissolving theory ; which is often confused 

with the first theory. 

;>. The l»i()lo,i:ical, or poisoning theory. 

" Liiiii ' /'. oft", and //•///////, a loaf: lici'.cr. "t<> coino off in scales." The term 
r\tMli i!i,i!i is (it'li-ii iiM'd as if iiuTi'lv svii()nvni«»us with " wastiiiir awav." 
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These may also be respectively styled the scaling off, the washing off, 
and the killing off theories of anti-foul ing. 

(1) Thus, at a meeting of the Institution of Naval Architects in 
1866, Sir John Hay said :— 

There is a sort of belief that one of the advantages of copper consists in the fact 
that the verdigris destroys the marine animal or vegetable substance which attaches 
itself to the ship's bottom ; but the fact is that the action of copper in keeping a ship 
clean is mechanical. We find that copper oxidises in parallel layers, and that it sheds 
off in very thin layers, so that the substances which cause the fouling of the ship lose 
their hold, and are detached by the continual exfoliation of the copper. 

(2) Mr. H. van Meerten, who has given much attention to the 
subject, says : — 

Of all the theories current upon the exfoliation of copper and its alloys, that of 
Sir Humphry Davy is the only true one. According to this, the exfoliation of copper 
is the consequence of the formation of a slightly soluble oxychloride of copper. 
Barnacles cannot, therefore, adhere firmly to the metallic copper ; for, between their 
scales and the metallic copper, the oxychloride is continually formed by the presence 
of ordinary salt (NaCl) and the oxygen contained in sea water, and through its solu- 
bility it is washed away. 

Sir W. H. White gives a similar explanation, and then adds, " Some 
chemists have ascribed importance to the poisonous character of the 
salts of copper in preventing fouling ; but the foregoing is undoubtedly 
the more important feature." Professor V. B. Lewes* also, in the main, 
expresses similar views. 

(8) In opposition to the above views, Mr. M. Holzapfel, in a paper 
read before the British Association at Newcastle-upon-Tyne in 1889, 
said: — "When copper exfoliates it produces a poison (oxychloride of 
copper) which is highly destructive to the lower animal and vegetable 
life, and this poison is the active anti-fouler, which kills the fouling 
matter before it can attach itself." 

It is well to note that there are several oxychlorides of copper, 
differing slightly in composition. The green oxychloride has the 
formula CuCla 3 CuO + 4 H2O. It is probably formed by the following 
reaction :— 2 NaCl + 4 H^O + 20, + CO3 + 2 Gu, = CuCla 3 CuO H^O 
+ Na, COs. 

Copper Poivder and ElectrO'Coppering. Copper powder is used as an 
anti-fouler on small wooden yachts and canoes, and answers the purpose 
very well. But of course copper powder would be quite out of place on 
a steel diip, owing to galvanic action. Metallic copper is sometimes 

• Tranff. Inst. Naval Architects, 1889. 
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introduced into anti-fonling compositions^ to the grcat injury of the 
Bhip'B plates. 

A few years ago a syndicate was sttirted in the United States to deposit 
copper elect rolytically on the bottoms of eteel ships. Ab it was not practic- 
able to fill the entire dry dock with copper in sol at ion, coffer dams were 
constructed to fit various eectiotts of the ship and filled with the 
electrolyte. In this way the enfcii^^ bottom could be covered with a 
deposit of copper. The syndicate bought a tug, to whicli they applied 
the system, after carefully cleaning the bottom. Two years afterwards 
the bottom Wim found to be in such a damaged condition, owing tro 
galvanic action, that the system of electro-coppering was pronounced a 
failure. In spite of this experience the following paragraph, which 
members are invited to criticise, recently appeared in several papers : — 

After trinU l^-^ting four jesrs, s favourable rej^mtt bfls l>een made to tlie Utiitcd 
State* Government on Crane' i? syBtetn <sf copp^r-plntiiii^ the biJU of ships in order to 
pi-event fouUtig by marine growthi. The whole bottom of » ship, tOO feet long »nd 
dmH'ing 20 feet of wntex, can be plated iti ei^ht or nine ikys with a thieknes* of 
copper of otie>iixteonth in eh or more. Some 55^000 Iba^ of copper would he ret] nt red 
for a veasel of that lihe. On the other haud^ £l',000 a yenr [» expended bv some trans- 
Atlantic boats in overeomiiig- the resistance dae to fouling^ ^^ to this must he added 
tlie cofit of docking for cleanfiing the bottovn* 



IV.— The Prbvention op Fouling by Compositions. 

The costliness of copper sheathing has resulted in its omission in by 
far the greater number of ships afloat, not excluding the finest Atlantic 
liners, and the use, as a cheap substitute, of a special anti-fouling paint 
or composition, which is laid over one or two coatings of an anti- 
corrosive (or protective) paint. Such ships are docked once or twice a 
year for a general inspection of the bottom and for cleaning and 
repainting the same. The price for docking a vessel of about 4,000 
tons deadweight in the dry dock of one shipbuilding yard is about £20. 
This sum includes shoring, ])umping out the dock, laying on two coats 
of composition, which is supplied by the owners, and undocking. The 
price stated, however, is hardly a paymg one, the work being undertaken 
in the hope of it leading to other business in the way of repairs. 

Hiu'h priced patent compositions dry much more r;i])idly than the 
ordinai'y red oxide of iron paint. This property of (|iiick drying is a 
(listijK'L advantage, owinu' to the time and dock dues thereby saved. 

The reijuirements of a satisfactory anti-fonlini: composition are the 
followinu' : — 
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1. It should not be excessively expensive. 

2. It must dry quickly. 

3. It must stick on well. 

4. It should have a hari, smooth surface when dry. 

5. When properly applied, it must not act injuriously on the ship's 

plates. 

6. It must prevent serious fouling for from nine to twelve months. 
It is no part of the duty of an anti-fouling composition to preserve 

the plates from rusting. That is the function of the preparatory 
protective coatings, consisting of either a slow-drying oil paint or a 
quick-drying varnish paint. 

Anti-fouling paints,: for the most part, are divisible into two 
classes :— 

(a) Grease paints, which consist of either tallow or soap, mixed with 
compounds of copper, zinc, or lead. Zinc white (ZnO) and tallow is a 
well-known mixture which has been much used. Such mixtures have 
the disadvantage of requiring to be heated before application, and the 
surface produced is neither hard nor very smooth. Hence the coating is 
not durable, and the skin resistance of the ship is considerable. 

(b) Varnish paints y which 'consist of a solution of gum, of shellac, or 
resin in spirits of wine, naphtha, or other solvent, to which has been 
added a strong colouring matter (or pigment) and a salt of copper, zinc, 
arsenic, or, best of all, mercury — the whole being thoroughly mixed 
together. It is the object of the composition manufacturer to combine 
the poisonous salts with a varnish sufficiently soluble to admit of these 
salts being slowly acted upon by sea water for a period of about twelve 
months. Copper sulphide (CuS) and mercuric chloride (HgCy appear 
to be the principal salts used. 

An unclassed paint, much used in the home trades, consists of black 
varnish covered with a coat of shellac mixed with beer. Hundreds of 
patents have been taken out for all sorts of anti-fouling compositions, 
many of them quite useless. One patent composition of the better class 
consists of linseed oil, corrosive sublimate (HgClg), litharge (PbO), red 
lead (Pb804), bitumen, pitch, and sufficient turpentine to form a work- 
able paint. The mercuric chloride is extremely poisonous. Another 
specification gives orange shellac, white and red lead, vegetable pitch, 
marine driers, linseed oil, and turpentine. A recent patent specifies 
a mixture of resin, varnish, and alum, together with a pigment, such as 
Indian red, and a naphtha drier. Arsenical and phosphoric soaps also 
have l)een used, on account of their poisonous properties. 
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introduce into anti-fouling compoBitione, to the great injuj^ of the 
ship's plateB, 

A few years ago a ejndicate was started in the United State^s to deposit 
copper electrolytically ou the bottoms of steel ships* As it was not practic- 
iible to fill the entire dry dot^k with copper in eolution, coffer dams were 
constructed to fit various sections of the ship and filled with the 
electrolyte. In this way the entire bottom uotild be covered with a 
deposit of copi>er. The syndicate bought a tug, to which they applied 
the Bysttjm, after carefully cleaning the bottom* Two years afterwards 
the bottom was found to be in such a damaged condition, owing to 
galvanic action, that the system of electro -coppering was pronounced a 
failure* In spite of this experience the following paragraph, which 
members are invited to criticise, recently appeared in several papers :-* 

After trials liLsting fonr years, a favtjUrHilily report lias btHfn iiiiule to tlie Ciiited 
States GoveTJimcnt ftn C'Tano's sj^tem of copper- plating^ t)ie UiiUs of fibips \u order to 
prevent foiilitig by marine gran*ths. ^h& whole bottom of a. ship* 400 feet long and 
dm wing 20 feet of water^ can be plated in eiglit or uint^ tlays witb a tbicknei»s of 
copper of owe-Bixtcmitb hich or more* Homt* 55,0Cl0 lbs. of topt^r v^ottld be re^piired 
for a. vessel of tliat aij?e. On the other handT £4^000 a yenr ia expended by some trans- 
Atlantic boats in overcoming the reiiistAUce due to fouling, and to this tnuat be added 
the cost of docking for cleansing the bottom. 



IV.— The Prbvention op Fouling by Compositions. 

The costliness of copper sheathing has resulted in its omission in by 
far the greater number of ships afloat, not excluding the finest Atlantic 
liners, and the use, as a cheap substitute, of a special anti-fouling paint 
or composition, which is laid over one or two coatings of an anti- 
corrosive (or protective) paint. Such ships are docked once or twice a 
year for a general inspection of the bottom and for cleaning and 
repainting the same. The price for docking a vessel of about 4,000 
tons deadweight in the dry dock of one shipbuilding yard is about £20. 
This sum includes shoring, pumping out the dock, laying on two coats 
of composition, which is supplied by the owners, and undocking. The 
piice stated, however, is hardly a paymg one, the work being undertaken 
in tlie liope of it leading to other business in the way of repairs. 

Hiuli priced patent compositions dry much more rapidly than the 
ordinary red oxide of iron paint. This property of ()ui('k drying is a 
(listinrL advanta[i:e, owinu" to the time and dock dues thereby saved. 

The requirements of a satisfactory anti-foulini:* composition are the 
followinu" : — 
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1. It should not be excessively expensive. 

2. It must dry quickly. 

3. It must stick on well. 

4. It should have a hari, smooth surface when dry. 

5. When properly applied, it must not act injuriously on the ship's 

plates. 

6. It must prevent serious fouling for from nine to twelve months. 
It is no part of the duty of an anti-fouling composition to preserve 

the plates from rusting. That is the function of the preparatory 
protective coatings, consisting of either a slow-drying oil paint or a 
quick-drying varnish paint. 

Anti-fouling paints,' for the most part, are divisible into two 



(a) Grease paints, which consist of either tallow or soap, mixed with 
compounds of copper, zinc, or lead. Zinc white (ZnO) and tallow is a 
well-known mixture which has been much used. Such mixtures have 
the disadvantage of requiring to be heated before application, and the 
surface produced is neither hard nor very smooth. Hence the coating is 
not durable, and the skin resistance of the ship is considerable. 

(b) Varnish paints y which 'consist of a solution of gum, of shellac, or 
resin in spirits of wine, naphtha, or other solvent, to which has been 
added a strong colouring matter (or pigment) and a salt of copper, zinc, 
arsenic, or, best of all, mercury — the whole being thoroughly mixed 
together. It is the object of the composition manufacturer to combine 
the poisonous salts with a varnish sufficiently soluble to admit of these 
salts being slowly acted upon by sea water for a period of about twelve 
months. Copper sulphide (CuS)_ and mercuric chloride (HgCla) appear 
to be the principal salts used. 

An unclassed paint, much used in the home trades, consists of black 
varnish covered with a coat of shellac mixed with beer. Hundreds of 
patents have been taken out for all sorts of anti-fouling compositions, 
many of them quite useless. One patent composition of the better class 
consists of linseed oil, corrosive sublimate (HgCla), litharge (PbO), red 
lead (PbH04), bitumen, pitch, and sufficient turpentine to form a work- 
able paint. The mercuric chloride is extremely poisonous. Another 
specification gives orange shellac, white and red lead, vegetable pitch, 
marine driers, linseed oil, and turpentine. A recent patent specifies 
a mixture of resin, varnish, and alum, together with a pigment, such as 
Indian red, and a naphtha drier. Arsenical and phosphoric soaps also 
have been used, on account of their poisonous properties. 
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introduced into anti-fouling compositions, to the great injiii'y of the 
Bbip*a plates. 

A few years ago a syndicate was started in the United States to deposit 
copper electroly tically on the bottoms of steel ships. As it was nob practic- 
able to fill the entire dry dock with copper in eolation^ coffer dams were 
constructed to fit various sections of the ship and fi]led with the 
electrolyte. In this way the entire bottom could be covered with a 
deposit of copper. The syndicate bonght a tug, to which they applied 
the system, after carefully cleaning the bottom* Two years afterwards 
the bottom was found to be in Buch a damaged condition, owing to 
galvanic action, that the system of electro-coppering was pronounced a 
failure* In spite of this experience the following piiragraph, which 
members are invited to criticise, recently appeared in sevenil papers :— 

After triiils Iftstiitg four years, a favtmrabk' repu-t has l>peii iiiade to the UtiiU'd 
StiiU*e Govertiroent on Crane'* eyBteui of eopfier-pkttug the hiilis of ships id order tfj 
prevent foiiUtig' by marine grcnvtlis. The whole bottom of a Bhip, 400 ft^et loug atid 
driiwjng 30 feet of water, can be plated in eight or nine tiajs with a thickiiOt!^ of 
copper of ont^-alKteeiitli inch or more. Some 55,000 Iba. of copper would l>e retjtiind 
for a vessel of that size. On the other hand, £^1^,000 a year is expended by some trans- 
Atlatitie boats m ovori!otnlt}g the rcdstjiYiee due to fouling-, and to this muist be added 
the coat of doeking for cleansing the bottom* 



IV.— The Prbvention op Fouling by Compositions. 

The costliness of copper sheathing has resulted in its omission in by 
far the greater number of ships afloat, not excluding the finest Atlantic 
liners, and the use, as a cheap substitute, of a special anti-fouling paint 
or composition, which is laid over one or two coatings of an anti- 
corrosive (or protective) paint. Such ships are docked once or twice a 
year for a general inspection of the bottom and for cleaning and 
repainting the same. The price for docking a vessel of about 4,000 
tons deadweight in the dry dock of one shipbuilding yard is about £20. 
This sum includes shoring, pumping out the dock, laying on two coats 
of composition, which is supi)lied by the owners, and undocking. The 
price stated, however, is hardly a paymg one, the work being undertaken 
in the hope of it leading to other business in the way of re])airs. 

Hiuh priced patent compositions dry much more rapidly than the 
ordinary red oxide of iron paint. This property of (juick drying is a 
(list i net advantage, owin^" to the time and dock dues thereby saved. 

The requirements of a satisfactory anti-foul inu" composition are the 
followiim" : — 
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1. It should not be excessively expensive. 

2. It must dry quickly. 

3. It must stick on well. 

4. It should have a harS, smooth surface when dry. 

5. When properly applied, it must not act injuriously on the ship's 

plates. 

6. It must prevent serious fouling for from nine to twelve months. 
It is no part of the duty of an anti-fouling composition to preserve 

the plates from rusting. That is the function of the preparatory 
protective coatings, consisting of either a slow-drying oil paint or a 
quick-drying varnish paint. 

Anti-fouling paints,: for the most part, are divisible into two 
classes :— 

(a) Grease paints^ which consist of either tallow or soap, mixed with 
compounds of copper, zinc, or lead. Zinc white (ZnO) and tallow is a 
well-known mixture which has been much used. Such mixtures have 
the disadvantage of requiring to be heated before application, and the 
surface produced is neither hard nor very smooth. Hence the coating is 
not durable, and the skin resistance of the ship is considerable. 

(b) Varnish paints y which 'consist of a solution of gum, of shellac, or 
resin in spirits of wine, naphtha, or other solvent, to which has been 
added a strong colouring matter (or pigment) and a salt of copper, zinc, 
arsenic, or, best of all, mercury — the whole being thoroughly mixed 
together. It is the object of the composition manufacturer to combine 
the poisonous salts with a varnish sufficiently soluble to admit of these 
salts being slowly acted upon by sea water for a period of about twelve 
months. Copper sulphide (CuS) and mercuric chloride (HgCla) appear 
to be the principal salts used. 

An unclassed paint, much used in the home trades, consists of black 
varnish covered with a coat of shellac mixed with beer. Hundreds of 
patents have been taken out for all sorts of anti-fouling compositions, 
many of them quite useless. One patent composition of the better class 
consists of linseed oil, corrosive sublimate (HgCla), litharge (PbO), red 
lead (PbH04), bitumen, pitch, and sufficient turpentine to form a work- 
able paint. The mercuric chloride is extremely poisonous. Another 
specification gives orange shellac, white and red lead, vegetable pitch, 
marine driers, linseed oil, and turpentine. A recent patent specifies 
a mixture of resin, varnish, and alum, together with a pigment, such as 
Indian red, and a naphtha drier. Arsenical and phosphoric soaps also 
have been used, on account of their poisonous properties. 
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With i-egard to the mode of action of ontL-fouliDg eom|K>§ition8 
great difference of opinion prevails. Prof, Lewes • stiys :^ 

lu tiiost (^ompoeitioufi In nso^ attempts tmve bf^^n made to citmbtne {jtroiij^ty 
|7oiiRmoa'« &ui)5t&ti£;«i with exfoltatitig ntid tva«tlti^ eoatiiigf, , , , The pre^eoce uf 
th&ie aiiU(^tA))cc« prolmbly eserU na deterrent iictimi \i|joii tUe fooling, aavt^ jjtrliapa 
\vli«i] tlj« ycss&X IB at rest* Btit the^v e^ert an intportAnt iTiduencti oti tLe rate of 
exfalifttion. For when the perishing of tlic variiUh eiinise* them, they dissolve, or ttre 
w^hed outf &Tid in thn way ti^tid to disintegrate and el ear nivny tiie surfuct' more 
rapiiUy— an ImjjortAiit fnnetion, but one which niiglvt be more cheaply performed by 
subjftanffls other than hlgb-priced inetalUe poT«ou8, 

A firm of manufacturers of ship 'Compositions says i^*' The action 
of onr anti-fouling composition is a combiniition of poisoning and slowly 
dissolTing/' 

Another firm says ; — 

Our com poBit ions act in the nmin by poisoning* The poisons contained in theni 
undergo a chemical &ctioti iti contact with salt water, and a. pnisonou^ zon^ ^nrrtinndit 
tbe mirface of the vessel, which pre^'ent^ the gernii of aniinaknlce *>t j^rass fmni 
atbacbmg fchemgelves tc^ the surface* Of course the p^nstoofl re<j»ure t^ \m freed, and «o 
far onlj a* the compositions innst iiUow thc^ poi»^n« tt* he gmdnaily freed rn salt water 
do the eompoflitioni} act by exfoliation or dissolving aa Wi4l, hat not in the ordinary 
acceptation of the t^rtn exfolia^^ion. 

The tenn ^xffnUatmi^ in reference to anti-fotiliog compositions, is 
nnderstood to mean the separating of small particles of compositioti from 
the main body, so that any animal or vegetable growth which may have 
become attached to the bottom of the vessel, is caused to drop off. 

The precautions necessary to be observed for efficiently coating a ship 
are the following : — 

(1) The ship's plates must be quite dry, not sweating, wlien the 

first protective coat is applied. 

(2) All unsound old paint and rust must be scraped off. 

(:3) In the case of new ships two coats of priming (or protective 

paint) must be applied and allowed to dry. In subsequent 

dockings, it may suffice, in many cases, to simply "touch 

up" the bad parts with the priming. 

(4) The anti-fouling composition must l)e kept well stirred to 

prevent the metallic salts from separating out, and applied 

uniformly over the entire l)ottom, in one coat. 

'riio rommoii method of buyin^r ships* compositions on faith seems to be 

ratlitr unscientiHc. To an outsider it would appear much more rational 

foi- -liiiiowners to first ascertain by experiment what mixture of well- 

kiin'Aii aiiti-fonling sul>stances best meets iluir re<iuirements, and then 

I r,ins. In^t. \,ir,iJ Arrhitccts. 1SS1>. 
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to call for tenders in the open market to their own specification ; making 
sure, by chemical analysis, that they get what is specified. 

On this point a very sensible article in the Shipping World says : — 

The time is, perhaps, not far distant when anti-fouling compositions will become a 
general staple trade article, sold according to analysis, the same as soda, potash, and 
other chemicals. At present there is much prejudice in respect of brands, as well as 
general ignorance of the subject amongst consumers. They may pay a high price to 
one firm for the identical article which is offered to them by another firm at a much 
lower price. By analysing the various articles submitted to them, shipowners might 
save thousands of pounds per annum in their composition account. 

Before any substantial advance can be made in the prevention of 
fouling, a searching investigation is required into the entire subject from 
all points of view — the biological, the chemical, and the physical. Such 
an investigation might well be undertaken by a special commission or 
committee, including amongst its members experts in each of the depart- 
ments of knowledge involved. Probably no one man is fully qualified for 
such a task. 

In conclusion, the author wishes it to be understood that his interest 
in the present subject is purely scientific, being himself in no way con- 
nected with the manufacture, sale, or use of any anti-fouling material. 
He has tried to treat the subject impartially, and with the sole aim of 
arriving at correct views. It is hoped that members possessing per- 
sonal knowledge of the value or otherwise of particular compositions 
and modes of sheathing will not be slow to express their opinions and 
experiences, in order to assist in the formation of definite conclusions. 

For various interesting items of information, freely given, the author 
<Jesire8 to express his indebtedness to Mr. H. van Meerten, M.I.N. A., 
Mr. M. Holzapfel, Messrs. Ripolin, and Mr. A. L. Mellanby, ^I.Sc. 
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Note L— The Katcral History of Barnacles, 

The common barnacle belongs to an order of cmetacea, tlie species 
of which Rve chanicterised by curled join bed feet,' For this reason tho 
oi*der is styled '' Cirripediaj" a term derived from the Latin rirrys, a 
curl, and pe^^ petUs, a foot. Consequently, barnacles are allied to crabs 
aud loteterSj though very unlike them in external appearance. 

In their infancy, barnacles are free -swimming little creatures^ 
resembliDg minute shrimps ; but, unless they perish, they early attach 
themsekea to some solid object, such as a rock, a log of timber, or 

the bottom of a ship. When in tbia 
fixed condition the internal organs are 
protected by a caleareons Bhell, com- 
posed of many pieces. The only parts 
of the animal remaining movable are 
the legs, which are continually em- 
ployed in searching for food. Tlie 
anterior part of the body forms a kind 
of long stalk, by which the animal 
anchors itself to any convenient object 
Fig, a, taken from Dr. H. A. Nicholson s 
Zoology, shows two fully*gro\vn sptci- 
niens of the common barnacle, growing 
upon a foreit^n body. S is the stalk 
of attachment, and B the body of the animal, enclosed in a shell,, 
from which the legs can be protruded. 

The acorn barnacle, or Balanus, has no stalk. The head is fixed ta 
tlie centre of a shelly plate, and the body is protected by a shell built up 
of several pieces, and having an opening at its summit. This opening is 
closeil by a movable lid, and from it the legs are protruded in quest of 
food. This is the animal that is so commonly found .urowing in clusters 
on I'ocks below high-water mark, as well as on ships' bottoms. Though 
fixed when an adnlt, it swims about when immature. Fig. 4 shows a 
urouit of -lalkless barnacles. 




Fi«;. 3. 




APPEJfDIX — THE FOULING OF RUIVH. 



173 



In the Mancliester Museum, Owens College, there is a large 
specimen of the common stalked barnacle {Lepas NilUi)^ fully 15 inches 
long, the italk tapering from \ inch thick at the fiied end to g inch at 
its junction with the ahull. The latter, which is flattened and segmentefl^ 




measures about 1 j inches bj 1 inch. The museum also contains a eui'iou& 
piece of whale's skin, to which arc firmly attached several large acorn 
barnacles, these in their turn carrying a heavy burden of stalked 
barnacles. 

It is said that barnacles inhabit shallow waters only, and that, when 
once detached from their anchorage, they cannot again attach them- 
Belves to a solid Irody^ but perish* It is probable, also, that infantile 
barnacles are suBceptible to metaUic poisons, and aduH barnaelea not so. 
A point on which infornuition is solicited is the nature of the animal 'a 
food and its method of feeding ; also its likes and dislikes. Possibly, 
raetaUic poisons have the effect of killing, or else scaring away, the food 
of barnacles. But the whole question of the life-history and habits of 
haniacles needs thoroughly investigating- One very important fact has 
been made out, viz., that barnacles are hermaphrodites, or self-multiplying 
animals* 

It is conceivable that some unobjectionable form of life, capable of 
preying upon fouling matter in the eaily stages of its growth, might 
somehow be cnltivated on ships' bottoms ; in imitation of the bacterio- 
logical method of sewage purification* 

Note IL— ELECxRO-rHEMTCAL OE Galvanic Action. 

(1) When a strip of zinr is placed in a glass vessel containing 

water slightly acidulated with stilphcric acid, chemical action goes on* 
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BEbblt!& of gas (Ft) collect on the zinc aod rke to the surface of the 
liquid. The zinc also wastes away, if,, passes into solution in the form 
of a BaJt of zinc* The chemical reaction is expressed by the equation 
Zn + H,SO, = ZnSO, + H,. 

On repeating this experiment with a strip of iron, a similar iM^tion 
takes pUce^ hytlrogen being eTolved and the iron slowly dissolved, but 
the action ib not quite so vigorous as before. The cliemical reaction is 
expressed by the analogous equation 

Fe + H,SO, = FeSO, + Ha, 

Trying the same experiment with c4^i*pm\ uo action can be observed. 
Thus there is a gradation in the chemical actidty of zinc, iron, and copjjer, 

(^ ) l(Vhen a plate of pure or amalgamated i^ine and a plate of iron are 
together placed in a slightly acid bath and allowed to toucli each other 
outside of the liquid, a vigorous action is seen to proceed. Hydrogen is 
given otF at the irmi plate, and the zinc rapidly wastes away. As soon 
as the plat^ are separated the actiou ceases, or nearly so. This is the 
simplest case of galvanic action. 

On repeating the experiment with inm and ropp^)\ a similar actiou 
goes on ; but the gas is given ofT from the copper plate, while the iron 
now wastes away, and is deposited on the copper, Thns^ compared with 
the iron-zinc couple, there is a distinct revei^ of effect, 

(;S) If wii attach a eojiper wire to the imimmersed parts of both the 
zinc and iron plates, bubbles of hydrogen escape from the iron plate, and 
the zinc wastes away. Further, the connecting wire has the power of 
deflecting a magnetised needle placed near to and parallel with it. 

On repeating this experiment with an iron-copper couple, the 
deflection of the needle is seen to be in the opposite direction. The 
effect described is best observed by the aid of a galvanometer. 

If we substitute, for the dilute acid, a saline solution, as sea-water, 
the action is similar in kind, but feebler in intensity. 

(4) We are thus led to conclude that, when two metals differing in 
chemical activity are immersed in a conducting liquid and comiected by 
a conductor outside of the liquid, a current of electricity is established, 
the direction of which de])ends on the relative ease of solution of the 
iwo metals. Conventionally speaking, the current starts within the 
li-iuid at the surface of that metal which is the more readily dissolvi'd, 
and wliich is termed the electro-positive element, passes tlironuh the 
"Xeitini:- liquid, and leaves the cell by the receiving or electro-negative 
elcnieni. After traversing the outer circuit, the current re-enters 
tlie li'iuid by the electro-positive plate. 
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Berzelius has arranged the elements in a series, beginning with the 
most electro-positive and ending with the most electro-negative element. 
From this electro-chemical series the following selection has been 
made : — 

+ Sodium. Copper. 

Magnesium. Mercury. 

Aluminium. Silver. 

Zinc. Platinum. 

Iron. Carbon. 

Lead. — Sulphur. 

Tin. 

Th farther apart in this series the elements of a voltaic couple arc 
separated, the higher is the. electro-motive force of the resulting current 
for a given liquid. Hence the list is sometimes referred to as the 
electro-motive series. It will be noticed that zinc is feebly electro- 
positive to iron, while copper is moderately electro negative to iron. 

Note III. — Mode of Attaching Copper Sheathing. 
According to Chief Constructor Hichborn,* 

The latest practice for sheathing is to use a plank of teak worked in 12 -in ch 
strakes, sufficiently thick to give a good caulking seam, or from 3^ inches to 4 
inches finished. The bolts are of naval brass, f inch in the shank, reduced to |^ inch 
over the thread, the heads being 1^ inches diameter and sunk a sufficient depth to be 
from I inch to f inch below the surface when finished, and being well stt up so as to 
compress the wood under the heads ^ inch. A nut is fitted on the end, bearing on a 
thin iron washer; and after being finally hove up, the thread is centre-punched to 
check it. Hempen grummets, paturated with a mixture of red and white lead, are 
carefully fitted both under the washer and head of each bolt, and the recess over the 
head is filled with Portland cement. The bolts are spaced with about 15 inches pitch, 
except at the butts, each butt having four bolts. After the fastening is completed, in 
order to fill up, as far as possible, all spaces that may exist between the plank uud the 
skin, holes are bored in the centre of each strake of plnnk about 6 feet apart, and a 
composition of red and white lead is pumped in under pressure until it comes out at 
the adjoining holes, care being taken to so limit the pressure that it will not 
injuriously strain the fastening. After this has been done the holes are carefully 
plugged. 



* " Experience Gained with New Steel Ships as regards Care and Preservation : " 
a paper read in 1894 at a meeting of the American Society cf Naval Architects and 
Marine Engineers. See also a recent paper by the same writer on " The Sheathing of 
the U.S. cruiser 'Chesapeake,'*' and reprinted in Engineering^ December, 1899. 
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DISCUSSION. 

Ma, S. J. P. Thearle in opening the dmmission at the Chairman'** 
request, said that he bad already spoken twice that evening, but as he 
would not hare many mora opportunitieB of being in their midst he 
trusted tliej would excuse him for again occupying tbeir attention. 

The subject of anti-corrosiye and anti^foialiog paLnts had, 
nect^sarily, often come under his notice m a Lloyd's Sun^eyor, and he 
had taken much interest in watching the i-esults obtained with different 
mijctures. But before speaking upon this i>ait of the paper he desired to 
offer a few remarks regardhig what Mr. Atherton had snid with reference 
to the fitting of metallic sheathing upon the bottoms of wooden sliips. 
ilr. Atherton says that '*for hundredis of years copper sheathing had 
undoubtedly been applied to wooden ships in order to protect them from 
the ravages of worms and to pre^erre a clean bottom." In this he 
thought Mr. Atherton was mistaken* Certainly it had not been used 
in the Eoyal Navy for more than about a century, and he felt sure that 
the navy of this country and the mercantile marine also would l>e nt lea.st 
as well provided in this resjiect as the ships of other power?. So far as 
his memory served him it was to Sir Humphry Davy that the 
Admiralty owed the first sugg^tion for the use of copper sheathing on 
ships for protective and anti-fouling purpose. 

Then again, with regard to the constituents of Muntz metal sheathing, 
he thought it would be found that these were (j7 of copper to 33 of zinc ; 
that is to say, 4 of copper to 2 of zinc, and not 3 to 2 as supposed by ^Ir. 
Atherton. With reference to the difficulty experienced in composite 
vessels as regards the insulation of the copper sheathing on the outside 
from the iron work on the inside of the vessel, he might mention 
some cases of composite sailing ships which were built about thirty years 
ago at Sunderland, in which the shipbuilder very reasonably proposed to 
substitute short galvanized iron screw bolts for securing the wood keel to 
the fiat keel plate in lieu of using through copper or yellow metal bolts as 
coniuionly adopted. This arrangement was approved by Lloyds' Com- 
mittee as it was felt that such l)olts would be safe from any galvanic 
ai'tiou from the rojij>er sheathing. It was found, however, that after 
;i1miiu eiLiiit years these galvanized iron l>olts were wasted away and 
n-elL■s-^, liavini:- ap}»areiitly been brought into galvanic a"tinn with the 
.•n;.|.Lr sheathing through the wood keel being saturated with sea water. 
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The cases of these vessels serve to illustrate how difficult it is to properly 
insulate the copper sheathing, on iron, steel or composite ships, from the 
iron and steel materials of the vessel. 

The writer of the paper discusses the question of whether the pro- 
tection afiforded by copper sheathing is due to exfoliation or poisoning. 
He (Mr. Thearle) held strongly that exfoliation was the true explanation, 
and in support of his contention he would instance cases in which plates 
of lead had been nailed to copper sheathed ships' bottoms with a view to 
arresting the chemical wear and tear of the sheathing, and therefore 
make it more durable. The usual life of ordinary yellow metal or copper 
sheathing is about four to six years, and by that time it is generally 
found to be wasted so thin as to require renewal. When the lead sheets 
were applied it was discovered that the durability of the copper sheathing 
was obtained at the cost of its anti-fouling qualities. The copper lasted 
much longer, but the vessels' bottoms were as dirty as if they had never 
been sheathed at all. Hence he (Mr. Thearle) reasoned that, as the 
copper was no less poisonous than before, it was by arresting the 
exfoliation that the sheathing had ceased to fulfil the duty expected of it. 

Eeference had been made to the plan proposed for the protection 
from fouling of the bottoms of iron and steel vessels by electro plating 
with copper. A few years ago the Messrs. Denny, of Dumbarton, who 
are noted for their liberal enterprise in such matters, were induced by an 
inventor to electro-plate the bottom of their steam tender — the 
" Snark " (a little vessel well known to the Chairman) — with copper in 
this way. The inventor of the process took the job in hand, and after 
carefully removing all oxidation from the bottom with the aid of a sand- 
blast, short sectional copper dams were fitted and secured to the bottom, 
and within the space so enclosed the electro-plating process was applied, 
the current being obtained by means of a small steam engine. When 
that section was done the apparatus was removed to another, and so on, 
until all the surface was covered with a sufficiently thick coating of 
copper. A few months trial was given to the vessel, and then she was 
taken out of the water and examined. The condition of the shell-plating 
was found to be so unsatisfactory that the whole of the copper coating 
was at once removed. 

Mr. Atherton's reference to the various constituents of which the 
quick drying compositions were made reminded him (Mr. Thearle) that 
upon one occasion he saw a composition being used on a ship's bottom 
containing a large proportion of fusel oil, which, as is well-known, is a 
waste product of distilleries in Scotland and very plentiful. It dries very 
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rapidly, but it not onlj dried the paint on this veaeel, but dried the 
painters filao j so much so that they could not resist the seductive smell, 
but adjourned to an adjacent spirit shopj and would not return to the job. 
What is particularly wanted at the present day is a compoaition which 
win protect steel and iron deck plating from wasting throngh the action 
of sea water apon it. The composition should be such that it woald 
Btand the wear due to treading upon itj and at the same time stop the 
rusting which now goes on at such a rapid rate. He knew cases in 
which steel decks were worn thin in eight or nine years, and those present 
*ere doubtlegs only too well acquainted witli such cases. This is now 
become a very serious question to shipowners who would require to 
sheatlie these decks with wood if means were not foimd for arresting tht* 
k rapid deterioration. 

Referring to the general question of how best to prevent corrosion of 
of the shell-plating in iron and steel vcBsela, he would remind the meeting 
of the phenomenon frequently witnessed in dry docks when vessels were 
Ijrepared for being re-coated after a first or second voyage. As was well 
known it is a common experience to find the surface of the plates perfectly 
free from rust at the places where numbers and letters had been painted 
on them by the manufacturers in accordance with the identification parti- 
I culai^ furnished by the shipbuilders. These marks were made with 

_ linseed oil paint soon after the phitc^a left the i^lls, and while still hot. 

It seems that the oil penetrated the substance of the plate when in a 
heated condition, and so protected it from the rusting influence of 
moisture. Is it not possible to usefully utilise this experience in dealing 
with the question of how to prevent corrosion in iron and steel ships ? 

In conclusion, he desired to thank Mr. Atherton for his valuable and 
suggestive paper, and to express the hope that the discussion upon it 
would not degenerate into an advertisement of the productions of rival 
manufacturers. 

Mr. S. E. HuRNnALL said he did not like to speak about anti-foul- 
ing compositions because he was connected with it from a business point 
of view ; still he should like to remark upon the paper as he disagreed 
with one or two things, \vhilst he agreed with most of the others. The 
statruK'nt about a foul vessel going into fresh waters and losing all the 
lianiades which she might then possess was an old-fashioned idea with 
little in it. True, in fresh water tlie barnacles would die ; but they had 
fa<t('iK'(l ilieuiselves with prongs or roots to the shi])'s bottom and would 
"*V, 'i<^^>t HLM't'ssarily fjill off. He had been in connection with the anti-foul- 
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iiig business for sixteen years, and had seen a thousand or so steamers 
docked in London, Liverpool, the Tyne, and elsewhere, and from his 
experience he must say the idea that a N^essel could only keep clear for 
a very short time in very foul waters, was another mistake. It depended 
entirely upon the quality of the composition. There were paints and 
paints, some were cheap, others expensive, but he held it was with 
a composition of this kind as in other things, that the dearest at 
first was the cheapest in the end. From his own experience he 
believed the best way to treat a new steel vessel was to launch her 
without any paint whatever being applied. Allow her to remain in the 
water two or three months while she was being fitted out — the atmosphere 
would then be working on the upper part of the vessel and the water 
upon the lower part. Then dry dock her, thoroughly scrape and steel 
broom her, this would remove the mill scale or " bloom," the pores of 
the metal would then be open to receive the paint which should then be 
applied. To his mind a coat of zinc was the best to be applied first, 
and when thoroughly dry apply three coats of composition of good 
manufacture, and then it would always stand. If they started painting 
a vessel as soon as she was constructed, with a sound body of paint, 
they would find when that vessel had done her first voyage she had 
thrown a great deal of that paint off, and the surface would be very 
rough indeed, so much so, that it would take them all their time to put 
the ship right. A vessel built on the Tyne some months ago, was 
painted with oil paint on the stocks and went an Indian voyage. When 
she came back, from the light line to the bilge, that vessel was very 
much pitted. She was only four and a half months afloat. She had 
to be cleaned thoroughly, steel broomed, scraped, and above all, cemented. 
The condition of the bottom was, in his opinion, due to the painting of 
the vessel immediately she was built, and stopping every chance of the 
bloom coming away. The secret of the thing in his opinion was, let 
them rust, never be afraid of the appearance, put them into dry dock, 
and from the top of the rails to the keel give them three or four coats 
of good paint : by adopting such a process he was of opinion that the 
serious corrosion would be overcome which exists upon so many steel 
vessels of the present day. 

Mr. C. Rbnnoldson said it was a question whether the thin svale 
should be taken off. He had seen a ship clean scraped after being 
sailing in English waters for twenty years and the bloom was on 
the plates just as they had come from the mill. Thei-e had Ijcen no 
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** fosel oil *^ used about it^ only c^it6d with compodtioo and the mill 
«cale presenred. It was a queatioii whether the l>e8t presei-vative 
wa5 not a complete, imperyiotig mill scale. If they conld get a paint 
that would preserve that they would huTO uo pitting. With the ^aile 
on notkiiig could get beneath the sorface^ bnt the idea seemed 
now to get it off. 01 course they got a great deal of it broken itt 
ponching and shearing : bat so far m it was left aod they painted it 
with a pure white lead the bloom would be there for years : that was 
his eiperience- 

Mr. Tho9. WttiTFiELD Said he had had some little experience with 
aiiti-foulijig compodtions. He spent months over an auti-fou!ing paint 
and spent pounds in trying to get it tried. He got a chan<^. Unfortn- 
nately it had to be used on a vessel in another dock than his own. 
The ship amved on a Saturday aftemoou and had to be awaj again 
OD Monday morning. On the Sunday they conveyed the paint to the 
dry dock ; bat in lowering down their huge canisters of nmtm:^ the 
wretched chains broke and down went their anti-fonler to the bottom 
of the dock. They made a raid on all the paint shops in the vicinity, 
got what arsenic and mercury they conld from the di-nggist ator^, bnt tht?y 
oonid not procnre the ** secret '* atnff for the re^make of their anti-fonler. 
Still tli'.y did tlieir Ix-st without it, and the ^huj sailed. She niiide tvio 
voyages to the Mediterranean, after which the owners of the vessel came 
to him, shook him by the hand, and said, " WTiitfield, you have solved 
the problem I " He considered the great mistake made with regard to 
III! anti-fouling compositions was this : sutficient time was not given in 
the dry dock for justice to l^e done to the vessels. Before a vessel was 
dry she had to be taken out of dock again, so it meant throwing the 
paint on and running the water in at about the same time, and this 
did not give the paint a fair chance. They (the paint manufacturers) 
would do their best to protect the property of tlie owners, but they should 
have more consideration at the hands of the owners. 

The discussion was adjourned, and the meeting dissolved. 



PROCEEDINGS. 181 



NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



Sixteenth Session, 1899-1900. 



PROCEEDINGS. 



SEVENTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY EVENING, 
MARCH SOrn, 1900. 



SUMMERS HUNTER, Esq., Vice-President, in the Chair. 



The Secretary read the minutes of the liist General Meeting, lield 
in South Shields, on Friday, March 23rd, which were aj)proved by the 
members present, and signed by the Vice-President. 



Mr. D. B. MoRisoN read a paper on " The Naval Enirineer : his 
Present Position and Influence on our Sea Power." 
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THE BRITISH NAVAL ENGINEER : HIS PRESENT POSITION 
AND INFLUENCE ON OUR SEA POWER. 



By D. B. MORISON, Vice-President. 



Read before the Institution in Newcastle-upon-Tyne, on 
March 30th, 1900. 



INTRODUCTION. 

In these days, when the necessity for the predominance of British 
sea power is accepted as an axiom of our Imperial existence, no 
introductory explanation need be offered for bringing before an Institu- 
tion of Marine Engineers and Naval Architects an Engineering question 
having a direct bearing upon our naval supremacy. 

Sea power is the resultant of many diverse factors, each one of 
which demands some special knowledge and experience for its correct 
comprehension, and it is the object of this paper to dmw the attention 
not only of the members of this Institution, but of the engineering 
professions generally, to the present position of one vitally important 
element of sea power, the full significance of which they, by virtue of 
their special training and experience, are well qualified to understand 
and appreciate. 

The strategical, tactical, and combative powers and functions of 
a ship of war are conceived, defined, and executed by the adminis- 
trative and executive oflftcers of the Royal Navy, but the responsibility 
for its creation, in the constructional sense, in accordance with the 
stipulated requirements, and for its ability during its active life to 
respond readily and effectively to the directing \vill of its commander, 
may be correctly said to devolve upon the engineering profession. 

It is the engineer who designs and constructs the entire 
machinery of a warship. It is the engineer who is responsible for the 
generation of the all-essential steam, and for the vast aggregation of 
complicated machinery for its varied utilization, and again it is the 
engineer who is responsible for the maintenance of the mechanism of the 
entire armament in a state of efficiency. 
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THR BBTf ISH UtAYAh eNGmEKB. 



A modern battleship ia the wry eml>f>diraent of engiDecring 
eonBtrnctivti science ia its highest fonu^ and ateiim ifi the source from 
which ifcQ every organ derives i\^ vitnlity and utility, without which the 
entii'e costly creation becomes a mere inert mass, inipot-cnt for either 
effective attack or defence. 

The Chowth op E?ranrEBHiNG in the Natt, 

The following fignrcu afford t^trikin^ evidence of the enormona and 
rapid growth of our a team navy, and of the growth in numbers and in 
relative importance of the engineering branch of the service. 

In 1863 the British Navy pos^se^Bed only 3 ironclads, and the ships 
were still chiefly dependent upon sails for their propolsion. 

At the end of 1882 there were alvo^U 55 ironclads ready for sea 
daty, and in 1888 there were ISd sea-going Bteani vessels in com- 
miBsion. 

At the present time there are over 500 steam vessela in the Royal 
Navy, ejEclusive of harbour service and other small boats, and there are 
no less than 258 sea-going shii^ in commission. 

In 1 898, BO veasek were lannchcd, having an aggregate displacement 
of 140,988 tons, and a total of 25B,600 LH,P, 

In 1899, 19 vessels were launched having an aggregate displacement 
of 122,3S2 tons and a total of 11)6,400 LH.P. 

At the end of 1899, 45 vessels wi.iv bnildinir, comprisniir \^ 
battleships, 14 armoured cruisers, and 18 smaller craft, including 12 
destroyers. 

KXTUACT FROM A PABLIAMENTAHY KeTUKN OF NUMBERS OF COMMISSIONED 

Officers, Subordinate and Warrant Officers, Men and Boys of the 
Engineer Branch, boknb on the 1st Day of April, 1858, 1868, 1878, 
1888, AND 1898 respectively, excluding Pensioners and Reserves. 



I 
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Officers. 
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KiiiriiU'LT studcMits were not included in the nnniln-rs voted for the fleet before 
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For 1899-1900 the numbers were as follows : — 

CommiBsioned officers 910 

Chief and other engine-room artificers 3,024 

Stoker ratings 21,472 



Making a total engineering personnel of 25,406 



1878 


1898 


27,911 


44,336 


5,627 


22,289 



The undermentioned figures will serve to indicate the relative rates 
of increase of the executive and engineering branches : — 

Executive personnel 

Engineering personnel 

It will be seen that the rapid development of marine steam 
engineering, and the enormous enlargement of the sphere of utility of 
machinery of various kinds aboard ships of war have created a new set 
of conditions, under which the association of engineering with naval 
power is so intimate and pervasive that it has acquired a predominating 
influence upon it. 

In spite of its undoubted importance, and the fact that it comprises 
approximately one-third of the total personnel of the Navy, the 
engineering branch is not represented upon the Board of Admiralty, 
which is composed entirely of political and naval executive officers. 
Therefore, the Engineer-in-Chief, who is the responsible head of the 
department, is placed in a weak and subordinate position, which checks 
the full and free exercise of his experienced judgment in conformity 
with what he believes to be necessary for the attainment of the highest 
possible state of efficiency, throughout the one primarily essential 
department of our steam navy. 

The Education and Training of the Naval Engineer Officer. 

Forty years ago the qualifications required of the naval engineer 
were that he should have served an apprenticeship in an engineering 
factory, that he should pass a practical examination in the handicraft of 
his trade, and that he should satisfy the inspector of machinery at the 
• reserve dep6t as to his knowledge of the component parts of a marine 
engine and their uses. 

The increase in the magnitude, complexity, and sphere of utility 
of machinery in the Navy, and the ever-growing numbers of the 
personnel falling under the departmental control of the naval engineer 
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officer, rendered it caeetitial for the efficiency of tbe service that these 
i>tfieerei sliould pcmseas hi[^h scientific attaitimentSf iind that thej ehonld 
l)fi trained in theiv jouth in the practice of engineering handicraft, and 
the habits of uaral discipline, Arraogeoieiits were therefore made 
for the sjsteniatic training^ of naval engineer students at Government 
estabheliments, where the educational reqniretnenta, the expenditure 
incnritd by paiienta and i^nardians, and the course of training, are such 
that the social status and mental culture of the engineer officers uf 
to-day lit tbetn to compare favourably in these respects with the olhcers 
of the executive and other branches of the service. 

Appointments to engineer stndentiihips, at the Royal Naval 
Engintering College at Keyham, are made by annual open com|)etitive 
examinations. The students receive a five yoars^ course of combined 
theoretical and practical training. The theoretical training comprises 
mathematics, including the calenfua and conies, heat, Ugbt, sound, 
electricity, aiatica, dyuftniics, mechanicSj mechaniajn, hydraulics, physical 
laboratory practice^ and mechanical drawing. 

There are alro frequent lectures on steam and the steajn engine, 
combustion, metallurgy, electric lighting, advanced meclianical drawing, 
and worksboj) appliances. The practical training includes the m^ni- 
palation of liatid and machine tools, pattern making^ smithing, boiler 
makhig, and fmmdry work in iron and brass. The students nfv- 
employed as opportunity presents itolf, upon the work of erecting and 
repairing machinery of ships afloat, and on board H.M.8. ** Sharpshooter" 
they are given opportunities for gaining some practical experience of 
engine and boiler-room duties under steam. 

During the fifth year, two months are devoted to obtaining some 
acquaintance with the elementary principles of ship construction and 
the fittings of ships ; five months are spent in the drawing oflfice 
learning engine drawing and designing, the remainder of the time 
being occupied in the preparation of drawings from original sketches. 

Those students who, in the final examination, gain 60 per cent, of 
the highest possible number of marks obtain fii*st class certificates, 
and are sent for one year's further study at the Royal Naval College, 
Greenwich. 

The sfientilic and mathematical papers, submitted both at Keyham 
and (Ireenwieh, show that the naval engineer officers are, as a body, at 
least as highly educated as the officers of the executive branch. 

Tills admirable system of education was instituted by the 
Admiralty, in oi'der to obtain the same homogeneity amongst the 
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engineer officers as is the case with the executive officers trained in the 
" Britannia." 

This very object has been, and is still being destroyed, however, by 
the introduction of so-called ** emergency engineers," classified as 
"temporary service engineers," and "direct entry engineers," the 
former requiring on entry very elementary educational attainments, and 
the latter passing directly into the Navy from various technical colleges 
where the standard of examination is lower than at Keyham. There 
is also a total absence of training in the habits of naval life and 
discipline. 

Dearth of applicants has apparently rendered these expedients 
necessary, but the ultimate effect would appear to be the gradual closing 
of the Keyham College, except for those whose parents are unaware 
that the same object may be attained by a much less expensive method. 
The natural and important question is, however, as to the effect of these 
unsatisfactory expedients on the efficiency of the engineering branch of 
the Navy. 

A statement of the comparative cost of entering the commissioned 
ranks of the executive, engineering, medical and paymaster's branches of 
the Royal Navy is contained in the Appendix A of this paper. It will 
be seen from a perusal of the statement that the costs incurred by 
parents and guardians for boys entering the executive branch is £494 
and the engineering branch £576. 

Cost to Country op Training Engineer and Executive 
Officers. 

The cost to the country of training 265 naval cadets on the 
"Britannia" is £27,443, or £104 per cadet, whilst that of training 194 
engineer students at Keyham is £11,624, or only £60 per student. 

The last- mentioned figure does not take into consideration the fact 
that engineer students perform valuable work in connection with the con- 
struction and repair of machinery on ships of the Navy. 

The total cost to the country of 697 midshipmen and cadets' pay 
for 1899-1900 was £29,780, or an average of £30 each, whilst 183 
engineer students' pay for 1899-1900 was £1,070, or an avei-age of £6 
each. 

The Duties and REsPONSiiaLiTiES of the Naval Engineer. 
Forty years ago the duties and responsibilities of the naval engineer 
officer were confined to the care, maintenance, and manipulation of the 
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engines, boilera, pumjis, pipe connections, fcbe duice valyes !jetwe<30 bhe 
eompartmeuta, and all sea inlet valveai 

SoiiMi conceptiOD of the onerous duties and vast responsibilitieB 
which now devolve upon the chief engintjer of u modern warship, 
niay lje obtained from a perusal of the following eifcrtict from tlie 
Queen's regulations, stating the items of machiuery Jind parts of th^ 
siiip wliich are placed in his care, and for which lie is held pei^onally 
n^ponmhh% 

(1) The fiiwsUinery wid boilers of the ship and boot* (the **Terribk" And 
'* Powerful '* liAve 4S boikra aud 26,000 LH.P, enginefl, aud crulficrs 
4rc now bnildiiig with 30,000 LH,P, eugiiieB. Many abipa h&ve four 

(2j AU auxiliary miwhiriory for whatever purpoae litt^ti. 

(3) AM fiQiupt ^'i^h thp |)lp^B, cockb, and vaJy«a belonging to them. 

(4) All dintiUinK ftt^jjunitua, etc. 

(5> All gmi mounting* and torpedo earriagea, 

{t} Pro|>ollcr lifting ^ppATtttni* 

(7) AU ntvani And hydraulic, pUTiipiagt and other engines (<ir loading and 

warkiiig the gutia, for supplying ammunition, and for tnming turret*, 

bArbetiet, platforms, eU;. 
(H) AH vf^ntjlating cnginoa ivnd gear. 
iO) Qiptan dngin^, shafting and npindle of caiiHtan ftnd windlanif and ateam 

iti^ering engines and steering gear as far as the mddcr, with sp&re gear 

for the «&me» 
(lOj Hydrtvalic i»cka, with the exception of thoae in the gunner** charge, 

(11) SUnuu W&iivUcB ibud ^c»t ixit liuisliilg ixi tOipcuO cbiid Oi»tier bvckto. 

(12) All water-tight doors and sluice valves, including horizontal trap and flap 

doors, as well as vertical hinged doors. 

(13) Steam fire engines, and all pipes, cocks, and valves in connection with the 

fire main. 

(14) Instruments and gear for telegraphing signals in connection with the 

machinery. 

(15) Whitehead torpedoes, submerged discharge tubes, and gear for torpedoes. 

(16) All air-compressing machinery, reservoirs, separators, and charging 

columns. 

(17) Electric light engines and dynamos. 

(IS) All flooding gear, including valves, cocks, pipes, and other fittings. 

(19) Refrigerating machinery. 

(20) All such other jmrts of the hull, double l>ottoms, and exposed iron-surfaces 

OS may K* in his care, either wholly or jointly with other otiicers. 

Items 5, 7, and 15 should bo specially noted. 

In addition to the above, the regulations also state :— *' That the 
ehiif and other engine- rcxini artificers, and chief and other stokers, are 
t(» Ix' under the immediate direction of the engineer of the resj)ective 
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watches, the engineer officer to be responsible for the general decorum, 
good order, and cleanliness of the engine-room, and he will see that the 
engineers and the other persons employed under his control perform 
their duties with promptitude and to the best of their abilities." 

Duties of an executive nature connected with evolutions, and 
inspections of the engine-room ratings and their clothing, also devolve 
upon him, and make an appreciable demand upon his time. 

The chief engineer is also responsible for the whole of the clerical 
work connected with the department, but as no special clerical assistance 
is provided, a certain proportion of the valuable time of this officer, and 
almost the whole time of one of his highly trained assistants is 
unprofitably expended in that direction. It is obvious that, if he is to 
successfully perform nis varied and important functions, the naval 
engineer officer must not only possess high professional qualifications, 
but must also be endowed with considerable administrative capacity, 
resourcefulness, and decision of character. 

The marvellous progress which has been made in war ship design 
and marine engineering, and the consequent growth of the duties and 
responsibilities of the naval engineer, will perhaps be better realised 
from an inspection of the descriptions of typical war ships contained in 
Appendix B. 

The Dearth of Naval Engineer Officers. 

The number of engineer officers borne upon Her Majesty's ships of 
war is dangerously inadequate for the correct and complete fulfilment of 
the multifarious duoies to be perfoi med in accordance with, not only the 
exacting letter of the Queen's regulations, but with the mere practical 
necessities of efficiency and safety. 

In this connection, the following comparative statements of the 
complements of officers provided on board certain men-of-war and sliips 
of the Mercantile Marine are significant and interesting. 

It is true that the machinery equipment, and the conditions to be 
fulfilled upon a man-of-war and a mail steamer, are so different that the 
relative values of the engine-room complements cannot be determined 
from an inspection of the mere numbers ; but, as those diff^erences call 
for much larger complements on men-of-war, they only emphasise the 
disproportion revealed. 

H.M.S. " Terrible," of which a full description is given in Appendix 
B, is fitted with two sets of triple expansion engines capable of 
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d^veiopiiig a total of 25,000 I.H.P* She carries 1 fleet engineer, 1 
engineer^ 5 ussktHiit ei^iiieeis, and 1 artificer eDginecr— « total ot 7 
commisaioiied and 1 warrant engineer officen^. fn addition there are 31 
chief eD^iue-roam artificers, and 15 engine-room artificer, but the 
artifieerg, dthongh mechanics, have no direct reeponsi bill ties. 

Neither the chief C!ngiiieer nor his senior amdtant can tak<^ ref^olar 
watches, m their general supervision mast be coasts ntlj esercised ov»^r 
the whole of the maehinerj ihroughQUt the ship, asd it niuEt be 
remembered that a large portion of the time oF the chief engineer, and 
almost the whole of the time of one assletant engineer is absorbed in the 
clerical duties appertaining to the department. Therefore there arc 
onljr Cf engineer officers available foi njgnkr watch-lceepiDg, although 
the Admiralty instrmiioDS state that the officers muet perfonally 
BuperinteBd^ and are held responsible for the whole of the work of the 
department- As dn example of the strict interpretation of this 
regulation, the Court Martial held upon the chief and senior ofiioeri of 
H,M,3* "Blake" may bt^ cited* These officers were severely 
reprimanded and dismissed their ship for not having personally superin- 
tcuded the fitting of water-gaujife glasses by an artificer, at a time when 
important work connected with getting the ship under way demanded 
their attention elsewhere* 

The Gniiard Co/s R.M.S, '"Lucania" is fitted with twin acie^-s, and 
two seta of triple expaiieion engines capable of developing a tot^l of 
28,000 LHJ\ Each set of engines couipriges 5 cylinders, 2 H,P. 37 
inches, one LP. 79 inches, two L.P. 98 inches, the stroke being 69 
inches. The steam is supplied by 12 main and 2 auxiliary boilers, 
having a total number of 102 furnaces. The auxiliary machinery com- 
prises air, circulating, feed, bilge and fire pumps, evaporating and 
distilling plant, fans, electric light and refrigerating engines, and the 
usual deck machinery. She carries 22 engineers, of whom 10 hold first 
class and 3 second class Board of Trade certificates, 2 electricians, 
1 boilermaker, 24 greasers, 78 firemen, 60 trimmers, 2 storekeepers, 
and 2 donkeymen. There are 7 engineers in each watch. 

The White Star Co.'s R.M.S. " Oceanic " is fitted with 2 sets of 
triple expansion engines, capable of developing a total of 28,260 I.H.P. 
She carries '2?> engineers, of whom about 15 hold first class Board of 
Trade certificates, and 34 greasers and water tenders. There are 7 
ciiLHiieers in each watch. 

IT. M.S. "Vengeance," first class battleship, fully described in 
Ai>pendix 15, is fitted with 2 sets of triple expansion engines, capable of 
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developing a total of 13,500 I.H.P. Vessels of this class carry G 
engineer officers. There are in addition 3 chief engine-room artificers 
and 9 engine-room artificers. 

One representative vessel of this class, at present in commission in 
the Mediterranean, carries 1 fleet engineer, X engineer, and 4 assistant 
engineers (of whom no less than 3 are probationary). 

The Canard Co/s R.M.S. " Umbria" is fitted with 1 set of engines 
of 14,500 I.H.P. She carries 10 engineers, of whom 5 possess first 
class and 2 second class Board of Trade certificates, 2 electricians, 1 
boilermaker, 9 greasers, 64 firemen, 40 trimmers, 1 storekeeper, 1 
donkeyman. There are 3 engineers in each watch. 

First class cmisers, fitted with 2 sets of engines of as much as 
16,500 total I.H.P., 30 Belleville boilers, and about 72 auxiliaries, carry 
from 6 to 7 engineer officers. From 4 to 5 of these officers are 
"assistant" or "probationary assistant" engineers, most of whom are 
mere yonths with from two or three months' to two or three years' sea- 
going experience. 

H.M.S. "Crescent," a first class twin-screw cruiser, of 10,000 I.H.P., 
N.D., and 12,000 I.H.P. F.D., which is at present the flagship on the 
North-American Station, carries 1 staff engineer, 1 engineer, and 3 
assistant engineers. 

In a well-known line of mail steamers running to South Africa, the 
twin-screw boats, fitted with 2 sets of engines, having a total of 10,000 
I.H.P., carry 13 engineers, of whom 9 possess Board of Trade certi- 
ficates. There are 4 engineers in each watch. 

Innumerable comparative instances might be cited, but the 
above will suffice to reveal the great disparity between the complements 
of engineer officers carried in the Navy and the Mercantile Marine 
respectively. 

On ships of the Royal Navy, the ratio of engineers to men ranges 
from 1 to 21 in battle ships, to 1 to 37 in ships of the " Terrible " class, 
and rises as high as 1 to 48 in some destroyers. 

Taking the "Lucania" and "Oceanic" as typical examples of 
Mercantile Marine practice, the ratio of engineers to men is about 1 
to 8. 

It should here be stated that the naval complements cited above are 
those provided in time of peace on board ships in commission on the 
most important stations. 

Some slight idea of the character of the complements of engineer 
officers, which will be available when the whole of our Navy is 
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ID obi li zed on a war footings may be obtalnod frotii n penisal of tbc 
following: extract from a pamphlet entitled '' The Hojal Na?al EoiruHDer 
jis Stttdejat and Officer '' : — 

** It IB a noteworthy factj ebowiug Uow dc»|»emUly BhorthwMJ^d the Navy ia 
for eiigm&er otfioer*, that daring tbe m^icciivTeB jnut c:otQplet4^d} I899i more ilmn 
oue-haJf of the R* N* E, 's who huve dir^xrl^l and ftsaiatttl in the w*>rk of the engine^ 
room ita# C^n all the cruia^tH and liattleahips engaged hav^ only had two yeaF8% 
or even Ieia» aervics in the Nn.vy (sontiB ^5 or 40 of ihenj jutajied out ftotn the 
KN*tl College loat June). Eauh of these young officers is now eiijccted to do the 
work whkh, t^n yeitrs ago, wa» allotted to two R.X,E/(*j and which in time uf 
* risal ' war it would be utterly impo^ibte for them lo perform. It U doubtful 
whether if re infofoed to the eattent of onothird their present number* they would 
oven tben be on a auffieiently fitrong war -footing/' 

A large proportion of the jiuiioT eng'inoer otficers attached to ship* ia 
commisaion have had less than two ymr^^ f^errioe, and many of thfltn 
have had only a few mootba' espenent^e aSoat. These inexperifnoed 

jnnior engineers are, of conrae, qnite imfltted for ijxdepeodont action and 
r€«ipotiEible duties. Tliey have to be traiarf by the senior!*, and are con* 
ftequently for at least tWii years a sonn.^' of extra ansicty and work rather 

than effective asftistttuce. 

When the young engineer leaves Keyhara and joins his first ship, he 

ifl absolutely lost, because he has not yet learnt the practical 
significance and bearing of the theoretical knowledge which he has 
acquired, and he is, therefore, quite devoid of that judgment, resource 
and confidence which can only be created by long and intimate acquaint- 
ance with the machinery. These young engineei-s should undoubtedly 
iHi borne as supernumeraries for training, and should not form part of the 
engine-room complement amongst whom the responsible work has to be 
distributed. 

In estimating the relative values of Naval and Mercantile Marine 
engine-room complements, it must be remembered that in mail steamers 
and other high-class high-powered vessels in the Merchant Service, the 
engineers are most carefully selected from the large number which Ls 
available, and that a considerable amount of previous experience in 
cnirine-room duties afloat is an essential (iiialitication for the recipient of 
an a]»j>ointnient as a responsiljle watcli-kLH'j)inu: officer. 

\l is also customary for the members of the enixine-room staff to 
iLiiiain for lonu" peri(xls in one sliip. Tliev are thus enabled to become 
tlmioiiLrlily familiar with the minntest details of the machinery, and the 
i« ii-thv a>so('iation of the men creates a feelimr of mutual contidence iuid 
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interest, wliich cannot but tend to enhance the efficiency of the whole 
body. 

It is a fact well known amongst the responsible heads of our 
engineering industries, that of the total number of boys who serve an 
apprenticeship in engineering establishments, only a very small per- 
centage are endowed with those qualities which enable them to emerge 
from the crowded ranks of mediocrity. 

In the Navy, every engineer student who succeeds in passing out of 
the Royal Naval Engineering College at Keyham automatically rises 
through the various ranks until he attains a position involving great 
responsibilities, and demanding exceptional qualities for their proper 
fulfilment. 

The number of students entered is small, and the demand for officers 
is great. Therefore, on the one hand, the law of averages precludes the 
possibility of obtaining an average sample truly representative of the 
material obtainable in such a country as our own ; whilst, on the other 
hand, the necessity for replenishing the ranks to compensate for the 
depletion due to promotion, retirement, and the ever-increasing number 
of our ships, further prevents the continuous maintenance of a high 
standard of excellence. 

The conditions and exigencies of the Naval Service give rise to very 
frequent chailges in the composition of the engine-room staff of a ship, 
and it is a very usual occurrence for a ship to enter upon a commission, 
and participate in complicated fleet manoeuvres, or start out upon a 
long voyage, with an engine room complement comprisijig a pre- 
ponderating proportion of officers and men who are total strangers to 
her machinery. This is no doubt unavoidable, but it surely indicates 
that naval engineer officers, who are called upon to undertake responsi- 
bilities under such conditions, should be engineers of exceptional 
capacity and ripe experience. 

Mr. Frank T. BuUen, who is himself an ex-officer in the Merchant 
Service, in his highly interesting little book entitled The Wa// they Jfavf 
in the Xavy^ describing his experiences on board the first class twin- 
screw battleship H.M.S. *^ Mars " (10,000 I.H.P., N.I)., 12,000 I.H.R, 
F.D.) during the manrruvres of 1899, makes the following statement 
regarding the engine-room complements in the Xavy : — 

** It ia no doubt a bold assertion to make, but from a personal compariscm of 
the two I foci perfectly justified in saying that in both men and morale a first class 
battleship is far worse etjuipped in the engineering department than any ordinary 
liner 
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** The following Hguroa will not appe^, of coqfhc, to landem^i very muohi but 

to «ea engin^er^ un^quaiated with the I^Avy they will he terrifying. For th« 
battloHhip whose complications I bave been ileacrthing above— 1 deet enginoert 1 
engineer^ and 4 ^.a^iatcintiT the oUlo^t of whom ia 23 yeara of ivg«t and the joungefit 
juBt out of Keybiiin Crollege. 

" Ij it »ny wonder^ then, that the chitsf engineer U practically always od duty? 
He tm^ta hia yonng confrere ivdlj, aa he must do if he would remain aanv : but 
at the same time he muit b^ ri^ady to rush to thetr aaBistanoc at any momenta 

** B«neatb the aaaiataut engineers come 3 ohief engine -room artificers (E.R.A.), 
aQd beneath them again th€ engine- room artiJicera) of wliom there are 9. Tttese 
hold the rank of chief petty cilJGeers fuad petty otficers respectively » and^ aa tn the 
deck departments, they are the backbone of the engine room^ But tbey are not 
responsible men. If tbey fitil at aoy lime it ia the engineer's blame, and his 
punishment for a faiUire he was absolutely powcrleae to foresee, or attempt to 
preventp is infinitely greater than theirs. 

**In the utokHholds there are 6 ehief atokera, 11 first cLaaa leading stokers, 5 
second class leading stofeera, and 1 OS stokers, all of whom are under the immediate 
superviaioD of the youth who happens to lie on watch at the time as assistant 
engineer. And, lis if that were not enough work for tht&e young men, one of them 
must expend moat of bia time in purely clerical duties -for, unlike any other 
department of the ship, there la no clerk allowed for the engine- room atafiT.'' 

And, later on, in Mr, BTjUen's oiTieltidiug remarkg upon the 
eDgineerir^f department^ one finds the following significant passage : 

** I think I have paid enough , even m these few lineis^ to show why the berth of 
naval enjoin eer becomes Harder and harder to fill, and it becomea neoessar^^ to trtiat 
the engines ef our most gigantic men-ofwar to clever but inexperienced 1ad«, onder 
the control of oitc ohlcr man, M'hoae responsibilities we bo tremendous that he dare 
not think of them." 

Undermankinq in the Engineering Department. 

Unfortunately, the weakness of our naval engine-room complements 
is not limited to a lack of numbers and experience in the ranks of the 
engineer officers. 

Owing to the normal state of prosperity " of skilled mechanics in this 
country, it has not been possible to obtain a sufficient number of 
thoroughly skilled artificers, and in order to procure the numbers 
provided for in the estimates, it has unfortunately been necessary to 
admit Ji lariie proportion of men of inferior capacity. 

The enirinc-room artificiir is a most valuable and iiidis]>cnsable mcm- 
her of tlu' eiiirine-room staff, and it is hiirlily desirable that means 
should be devised for induciuii; the riirht class of men to enter the 
sci'viee. 

The stokers are drawn from various classes of unskilled labour, and 
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the vast majority of them have had absolutely no experience of boilers 
or machinery before entering the Navy. 

There is no system for eflfiectively training stoker recruits in stokers' 
duties before drafting them to ships in commission, and it is customary 
for about one-third of the total number of stokers in a ship to be 
absolutely green hands. 

The minute subdivision and wide distribution of the coal bunkers 
on board men-of-war necessitates the employment, upon the work of 
trimming and passing coal, of a number of men which is out of all 
proportion to the requirements in the Merchant Service. 

This point is well brought out in the following extract from a series 
of articles entitled " The Engineer Officers of the Royal Navy," which 
appeared in The Engineer last year : — 

"Quite recently one of our large and modern cruisers ran a trial of sixty hours' 
duration at about seven-eighths of her maximum indicated horse-power ; this 
entailed the additional services of 60 seamen to enable the coal to be trimmed with 
sufficient rapidity to supply the boilers. She, like many others, has about 50 coal 
bonkers. This is a condition that would obtain every day in war time, when 
these seamen would be recjuired for other duties and could not be spared for such 
work, and it clearly shows the weakness of the stoker complements." 

It is an astonishing fact that in 1892, at a time when the Navy was 
in a state of rapid development, and the engineering personnel was 
already known to be inadequate, tlie Board of Admiralty decided to 
reduce the engine-room complements by about 12 per cent., the change 
involving the substitution of chief stokers for a certain proportion of 
artificers, thus effecting a reduction in mechanical skill as well as in the 
numbers of the engine-room staff. 

The unpopularity of the engineering branch of the Royal Navy, and 
the consequent difficulty experienced in obtaining the re(|uired numbers 
of officers and men of the various ratings, have led to exix»dients being 
adopted at various times to fill the gaps. These expedients have invari- 
ably involved a lowering of the standard of both officers and men, which 
is highly detrimental to the efficiency of the service. 

At the present time it is impossible to provide full engine-room com- 
plements for the whole of our shii)s in the event of molnlisation, and 
even if it were possible to provide the mere numbers, it must Ikj 
remembered that under the existing system the engine-room complements 
of the majority of the ships would contain so large a proportion of 
inexperienced junior officers, artificers of inferior skill, and stokers 
without any knowledge of boiler-room duties whatever, that it would be 
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iiotliiDg short of mimculous if the cxjoditions attending actiiaJ warfare 
did not lead to disaster. 

There is a jxspular belief, which has certainly not beea discouraged 
hy official utterancea, that in time of war thv military spirit and pat- 
riotism of the engineerB and mechanics employed in the Mercantile 
Marine, and in our shipbuilding aod engineering industricsj will l^d 
them to offer their Bervices to the Navy in snch numbers that all 
deficiencies of iiei^onnel can be made good. This is a mo&t dangerous 
belief, and it will bo an e?il day for the nation when it depends* for ite 
success in a naval war upon its realisation. The very special character 
of the boilers and machinery in use upon modern warships renders it 
quite impossible for even a sea-going engineer from the Merchant Service 
to become sufficiently familiar with them to fit him for responsible duties 
in less than two or three months. In the case of a landsman, it would 
take that time for him to acquire the sea-habit alone, and considerably 
longer before he would become a useful member of the engine-room staff* 

Moreover, the conditions under which the duties of the engineering 
staff would hftve to be es^ccuted m time of war are Bo peculiarly trying 
that perfect discipline and mutual confidence are essential to their fmtis- 
factory performance, and these qualities can only be created by long 
training and jissociation. 

Weighty testimony to the supreme neeessity for maiutaining a high 
standard of excellence in the engineeriDjir branch of the Navy is afforded 
by the iolluwiug eAlraut iruiii an ailiuit; t;uutit;d *' Keadmgs from 
Exi)erience in Naval Engineering " (which appeared in the Engineerimj 
Magazifie for March, 189S), by Rear-Admiral George W. Melville, who by 
his great professional attainments and far-sighted policy, in his capacity 
of Engineer-in-Chief, has contributed so much to the creation of the 
present high state of efficiency of the engineering department of the 
United States Navy : — 

*' The utUr failure of Cervera's fast armoured cruisers, which had trial speeds 
of 20 knots, to escape from the United States vessels at Santiago, none of which 
were making 17, shows the disastrous results of discouragement of the mechanic. 
As we now know, the condition of the two fastest ships at Santiago, the ' New 
"S'ork ' and ' Brooklyn,' was such that only half power could be used immediately, 
.111(1 it setins almost certain that, had Cervera's sliips been able to make their 
iiuixiinum sjieeds, tl:t y would have (scui^ed. The muchanital instinct, too, is just 
as important for tlic care and manipulation of the modern guns and turrets as for 
thf (ate and manipulation of the motive power, I lielieve that in this re8])cct also 
the imclianical aptitude of the American j>cople was an important factor in the 

\ irtoi'V." 
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The Present Position of Engineer Officers. 

The engineer oflScers have published a statement of the reforms which 
their experience leads them to believe to be necessary, in the interests of 
the efficiency of the engineering department of the Navy. That state- 
ment is so clear and concise that it has been deemed advisable to append 
it to this paper in its entirety. (8ee Appendix C, page 215.) 

The engineering department of the Koyal Navy is included in the 
civil branch of the service, the whole of which is subordinate to the 
executive or military branch, and the officers of which receive no 
military rank or title, and are not empowered to award punishments to 
their departmental subordinates for any oflfence whatever. So-called 
" relative " rank has been assigned to naval engineers, apparently with a 
view of simply defining their order of precedence as commissioned officers 
in H.M. service, but it carries with it absolutely no powers affecting the 
performance of their duties. Throughout their active career they 
remain plain '*Mr.," and are retired as civilians, with no mark or 
outward sign to denote that their lives have been spent as officers in a 
military service. 

The civilian rank of the engineer officer and his consequent 
inferiority to every officer of military rank places him in many 
anomalous and humiliating positions, and completely undermines his 
authority over the men in his own department whom he is expected to 
control without being invested with any powers of punishment or reward. 
If an offence is conamitted, the engineer officer and the defaulter appear 
before the commander at the hour appointed for dealing with offences. 
In many cases the offence is technical, and the commander, being 
possibly unable to appreciate its gravity, may consider it trifling, and 
merely sentence the man to be punished by standing at attention and 
looking seaward for so many hours. If the commander considers the 
offence grave, then the engineer and the man resume their duties and 
re-appear before the captain the next day. The offender is never sent to 
work out his punishment in the engine-room, but always on deck, and 
always unremuneratively, as regards the engineering department, so that 
a calculating criminal engaged in a boiler-room or bunker in the tropics 
may commit an offence with considerable personal advantage. To fully 
appreciate the evil effects of this deplorable system, it must be 
remembered that stokers, unlike seaman, enter the service at an adult 
age, and are, therefore, not trained from boyhood under strict naval 
discipline. They are* as untrained as many of their brothers in the 
Mercantile Marine, and are correspondingly difficult to manage. How, 
voi. xvi.-i9oa 14 
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then, is it possible that, under such conditions, the civilian engineer 
officer can get the best work out of his men ? If there is one depart- 
ment in a modern warship in which officers require to be vested with 
plenary authority surely it is the engine department, where the work is 
of the hardest and most trying nature, and also of such technical 
importance that trifling carelessness might easily result in serious 
consequences. To those of our members who are superintendent 
engineers, the wonder will be that such a system can produce anything 
but failure, as it is in direct opposition to what experience has shown to 
be necessary for success, both in industrial establishments and upon 
ships of the Mercantile Marine. Failure is ahead, however, and all that 
is required to develop it is a naval war. 

Those officers in the highest ranks of the service, who are responsible 
for the policy of withholding executive rank from engineer officers, are 
surely adopting a very dangerous course. Such a change would in no 
way lessen the power of the executive branch, whose assumed interests 
they are now too jealously guarding, whilst it would vastly increase the 
efficiency of a branch which deserves all the assistance and encourage- 
ment which can be given to it. Tt can only be presumed that they do not 
realise the evil effects of their policy, though it is very difficult to believe 
that they have failed to hear the warning voices of those influential and 
competent authorities who have long predicted the disastrous con- 
sequences which must inevitably ensue when the Navy is called upon to 
pass through the crucial test of battle. 

The systematic repression of the engineer as an individual has no 
effect, per se, except that of making the service unpopular for engineers, 
but its bad effect upon the general efficiency of the entire engineering 
branch is undoubted, and constitutes a danger which should be 
recognised and dealt with. 

Our engineer Members of Parliament are, of course, fully aware of 
the danger, and that they do not succeed in causing its removal clearly 
shows how powerful are the reckless opponents of reform. 

It should be clearly understood that the object of this paper is not 
to advocate that engineers should hold military rank merely to satisfy 
personal vanity, as they no doubt rightly consider that their profession 
of engineer does not require further adornment The question is, 
therefore, not personal but national, and resolves itself into whether the 
efficiency of the engineering branch can be increased. It is immaterial 
to the nation whether or not the engineer as an individual objects to be 
classed as a civilian having no executive control over his men, but in a 
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naval action it may make the utmost difference to the nation if the 
artificers and stokers give a higher interpretation to the rank of 
Lieutenant Smith, R.N.E.O., who has power to punish offenders when on 
duty, than they do to civilian Mr. Smith, who has no such power. 
There are no men who have a greater respect for the power which rank 
confers than sailors and soldiers, and it is absolutely unquestionable that 
the efficiency of the entire engineering branch would be very largely 
increased if those officers were formed into a military corps, and vested 
with power to deal with all minor offences, such as are now dealt with by 
commanders. It would seem unnecessary that power to punish should 
be extended beyond those offences committed when on actual duty in the 
engine department, as all offences when off duty could be dealt with by 
the commander or captain, as at present. 

Still another feature of the utmost value accruing to the change 
would be the increased popularity of engineering in the Navy. The effect 
of the policy of repression is discontent, and when parents appreciate the 
present position they will very naturally dissuade their sons from 
becoming naval engineers. This result is already being felt, and 
although we are told in Parliament that there is no lack of engineers, 
yet the fact remains that notwithstanding the great efforts which are 
being made, their numbers are very disappointing. 

There are other aspects of this question of rank which, although 
apparently more sentimental and personal than practical and national, 
have nevertheless a very direct bearing upon the efficiency of any officer 
in a fighting service. 

It is well to remember that it is only sentiment in one form or 
another that impels men to risk their lives, and lay them down if need 
be, for their country. 

In this connection may be quoted the following extract from a speech 
by the Marquis of Landsdowne, relating to the concession of military rank 
and title to Army medical officers :— " I sometimes hear it said, * What 
does rank matter ? Is not the title of doctor or surgeon by itself to be 
regarded as a title which anyone would be proud to bear without further 
adjuncts ? * I think the answer to that is, that in the Army, rank is the 
outward and visible sign of consideration and authority, and that, although 
a 'man may be a man for all that,' it is necessary, if he adopts the 
military profession, that he should have a military stamp to dis- 
tinguish him, and to secure him his proper place amongst his 
comrades." 

It is also interesting and suggestive to recall the following 



SOO THE BRITIBH nkVkh KlfOrKKER. 

passage from a sijeech made bj Mr. Gmchtin m the debate on the 
Navy estimates, 1877-8 :■ — *' It (rank) was a matter of estreme im- 
ptirtatice to the well-being of the ships, and it ought to be dealt with in 
a broad and comprehensive manner. If the engineers were to have 
eijual pay with the other branches of the service, but inferior rank, that 
branch would not attract equally able and good men. We had to think 
of the safety of onr ships, and to consider whether the authority of 
engineer was so great and so well defined as it ought to he^ 

The Pay of Engineer Officers, 

In addition to hia inferiority in rank, the engineer officer is at a 
distinct disadvantt^e in the matter of pay, 

A enb-Iieuteuant can become a lieutenant at 23 years of age, after 
3 years' service, and he then has his pay increased from 58. to 10s. per 
day^ which latter rate is only attained by the engineer after 9 years' 
service, when he is usually aliout 30 years of ^e. The engineer has to 
serve 11 years before he obtains lis. per day, whilst the naval surgeon 
receives Us, 6d. per day when he first enters the service at 21 years of 
age. The engineer contumes to receive lis. per day until he is S4 years 
of age, whilst in the meantime the rates of pay obtaincKl by the naval 
sui'geon and the paymaster rise to 21s. and 15s, per day respectively. At 
35 years of age the executive officer has generally attained the rank of 
commander, with 20s. per day. The surgeon is then in receipt of 2 Is., 
the paymaster of 15s., and the engineer of 14s. per day, and it is only at 
47 years of age that he becomes a " fleet engineer " and receives 20s. per 
day. 

The maximum rates of pay for fleet surgeons, fleet paymasters, and 
fleet engineers, are 33s., 83s., and 2Cs. per day respectively. 

Engineer officers, when in charge of the machinery on one of Her 
^fajesty's ships, receive, in addition to the above-mentioned rates of pay, 
an allowance called " charge pay," which varies from Is. to Ds. per 
day, according to the size of the ship and the character of her machinery. 
This allowance is not taken into account for leave, invaliding, or super- 
annuation. The rate of "charge pay'' relatively to the responsibilities 
incurred by the enLriiKrr has i>eon decreased during the pi^t 12 years. 
Twelve years ago the chief engineer of H.M.S. " Polyphemus " 1^2, ♦Ui^ 
[oi)>. r»,f'"" horse-power revived 9s. a day charge pay. and had 5 or r» 
a><i>Laiu eULTineers to help him. \ow, such monsters as the "Powerful** 
Uj^'O ton<, 'J.^.O'Mk horse -[Hnvcr"* only entitle tlieir fleet engineers to "Js. 
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is impossible not to admire the trne British pluck of these officers Hb, 
notwithstanding all their service disabilities and the anxiety consequent 
on the rapid development of steam engineering in the Navy, which often 
involves radical changes and inevitable experiments, they do their work 
with dogged perseverance, and never give in until the intense nervous 
strain affects their health, which unfortunately is coo often the case even 
in these times of naval peace. 

The fact that the Admiralty does not adopt the obviously just and 
fair course of promoting these junior officers to " chief engineer " rank 
would seem to indicate that such a policy would seriously deplete the 
junior ranks, and by destroying the proper proportions of the various 
ranks would upset the traditional system of pay and promotion, and 
would draw attention to the inadequacy of the annual supply of 
engineers. 

The monstrous injustice of this system would find a parallel in the 
Merchant service if the chief engineer of one of our mail steamers were 
suspended, and the second engineer appointed to take up his duties and 
responsibilities whilst still retaining the position and pay of second 
engineer. 

The men of the engine-room staff, more especially those of the stoker 
ratings, are trained to perform combative duties in connection with the 
armament, landing parties, etc., and they then come under the direct 
control of the executive officers, whose orders at all times take pre- 
cedence over those of the engineer officers. 

The commands for the performance of these extra departmental 
duties are generally made in an arbitrary and unexpected manner, and 
when the engine-room staff is busily engaged upon important overhaul 
and repair work, whilst the ship is in port, they frequently completely 
disorganise the chief engineer's plan of work. The fact that the engine- 
room complement at his disposal is diminished, however, in no way relieves 
him of his personal responsibility for the execution of all work necessary 
to maintain the machinery in a state of efficiency. 



Courts Martial. 

Courts martial for the trial of engineer officers for even technical 
offences are constituted entirely of executive officers, who are not 
qualified to understand the intricacies of engineering technicalities. 
Without reflecting in the slightest degree upon the honour and integrity 
of the members of such courts martial, it may truly be said tha^ they 
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are aeeessarily quite iiicompetent to appreciate the significaDce of mnob 
of the evidence which it is their duty to sift and adjudicate npon. 

PhOHIBITION of OoMJfUNrCATTON WITH THE EKGlNBEE-lN'OHrEF. 

The engineer officer is entirely ctit off from direct communication 
with either the Board of Admiralty or the engintc^r-in-chief of his own 
department. His communications mufit ell he addressed to the captain, 
who not only has imwer to coimnent upon, (»r ei'en suppress the docu- 
ment, but is by regulation obliged to have it transcribed imd forwarded 
in his own name, so that the individuahty of the engineer officer is 
absolutely sunk. 

The conditions of the naval service no doubt demand that all official 
commnnicationB with the Admiralty should pass through the hands of 
the captain p ajid that he should have the right to comment upon them ; 
but it is very doubtful whether it is in the interests of the nation that 
any communication from a responsible officer should be liable to 
suppression. It is impossible to conceive any good reason for the 
tmnscription of a letter composed by an officer whose educational 
( I uahfi cations certainly fit him to express his ideas intelligently, and to 
address the authorities in suitable language. This is only one illustration 
of the systematic manner in which the individuality of the engineer 
officer is obhterated, excepting on such occasions when blame has to be 
apportioned. 

It will be seen that the vast responsibilities of the naval engineer are 
not accompanied by a corresponding power of control, or by adequate 
assistance for their proper fulfilment, nor does the position carry with it 
the rank or emolument due to its importance, and to the necessarily 
high qualifications and onerous duties of its occupant. 

The Influence of the Engineer upon a Naval Action. 

The influence of the naval engineer upon the result of an action can 
scarcely be over-estimated. The first essential of a modern war ship is 
that she shall be able to steam, as and when required, in conformity with 
the wishes of her commander, based upon the expectations as to her 
powers, which have been created by the oflicial data supplied to him. 

Any failure of duty on the part of the engineer, or lack of efficiency 
of the machinery, might render it impossible to place or maintain the 
ship in a position for effective action, or to make use of her armament. 
Tlierrfore, the whole of the potential powers of the entire figliting 
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machine are dependent, for their active development, upon the mobility 
of the ship, and the workability of her armaments, for both of which the 
engineer is primarily responsible. 

In action the engine-room staff, closed down below the protective 
deck, amid a stifling atmosphere, are called upon to perform duties upon 
which the whole utility and safety of the ship may depend. The 
intense nervous strain, created by the realisation of the grave though 
unknown dangers to which they are being subjected, is unaccompanied 
by the inspiriting excitement of battle, v^ hich so greatly enhances the 
human powers of endurance. Under these conditions, strict discipline, 
cool judgment, and an intimate knowledge of the vast maze of 
mechanism, are essential to the successful performance of the necessary 
duties. 

One cannot forget the lives which, even in times of peace, have been 
sacrificed in the engine-rooms of Her Majesty's Navy — deaths display- 
ing a noble devotion to duty, and resulting from explosions and 
accidents, appalling and horrible in their associations and effects, upon 
which it is painful to dwell. Such accidents must inevitably occur with 
greater frequency in the stress of battle, when the entire mechanism is 
strained to the utmost, and in view of the terrifying effects of escaping 
high pressure steam there will, at times, be a great tendency to 
demoralisation. 

It is at these times that the immense value of the engineer oflBcer 
will be made apparent. He is the man who alone can inspire or restore 
confidence, and who, by his skill, experience, and cool judgment can 
minimise the consequences of an accident and initiate the method of 
repair. It is he who, in moments of dire emergency and panic, when all 
others fail, will have to remain at his post, and face death if need be, in 
the fulfilment of his duty ; unstimulated either by the glory and 
glamour of battle, or by the hope of that personal distinction and 
recognition which fall to the lot of the ordinary combatant. Is it just 
or wise, in time of peace, to rob this responsible officer of that rank and 
authority which are so vital to the exercise of complete disciplinary 
control ; and then, in time of war, to place him in a position where, 
under the most difficult circumstances, he is called upon to exercise 
absolute control over men who have been taught to regard the executive 
officer as the sole representative of plenary authority ? 

The danger of such a policy is magnified by the fact that the 
members of the engine-room complement are mainly enlisted at an adult 
age, and having been subjected to naval discipline for only a short 
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period, are lacking in that inatinctive habit of unc|UestioniDg obedience 
and self-r^presBion which is so invaluable when duties have to be per- 
foi*iued in the face of pereonal danger. Moreover, during an at^tion^ the 
engine -rooiu staff are entirely removed from the jurisdiction of the 
executive offii.'er, and the engineei ollicer has, therefore, to rely entirely 
njKjn hiB own pemonal influence to secure obedience and induce 
discipline. 

The serious issues involved in the execution of their duti^, the great 
potential dangers i^esiding in the boilera and moving machinery, and the 
knowledge that any revealed error of omiBsion or commissioD wiU be 
made the subject of a court martial, necessarily impose a very severe 
strain upon the reaponsihle officers, Undei such conditions of life, 
contentment, enthuaiaam, and freedom from avoidable causes of irrita- 
tion are essential to the maintenance of the bnman machine in a high 
state of efficiency. 

It wOl be seen, however, that the naval engineer is called upon to 
undertake grave personal re^pousibilitiea without adequate powers of 
control, and to perform important and multifaiious duties without 
adequate assistance. He is ever liable for blame, and seldom eligible for 
commendation. Under such dispiriting conditions of life, the con- 
scientious performance of hia mere duties becomes an act of almost 
heroic virtue. When yoimL% he regrels havicg entered the service. 
When old, he looks anxiously forward to the time when he will be 
permitted to lay down his heavy burden and retire from the service, 
hoping that he may be fortunate enough to escape the numerous pitfalls 
which beset his path, any one of which may land him into a court 
martial, and envelop the termination of his career in an atmosphere of 
disgrace and humiliation. 

This is the man whom the nation may require at any moment to 
perform, under circumstances requiring the greatest courage and 
devotion, duties which are vital, not only to the safety and combative 
efliciency of the ship and her crew, but to the highest interests of the 
nation which it is their purpose to defend, and who may be called upon 
to make the ultimate and greatest sacrifice w^hich a man can render to 
his (^necn and country. 

(tRave Dancikh of Prksknt Position and Necessity fob 
Phomit ArrioN. 

So lonjr as tli(; i)n'SLiil serious state of ailairs in the engineering 
hnuicli of the liojal Xavy is allowed to continue tliere is undoubtedly a 
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grave danger of disaster overtaking us in a naval war. The paper values 
of ships will not count in warfare, and should a ship be unable to steam 
in accordance with the requirements, she would not only run the risk of 
being put out of action and falling a prey to the enemy herself, but by 
being unable to fulfil her functions at the critical moment, she might 
endanger the other vessels in the fleet and imperil the vital issue of a 
closely contested engagement. 

The conditions of modern naval warfare render it impossible to 
make good defects in organisation, equipment, or personnel after war 
has been declared, because a naval war must necessarily be of 
short duration, and the high degree of skill and special knowledge 
required to fit the men in every department for the efficient performance 
of their duties cannot possibly be acquired in the short period of time 
available. 

It will be of far greater value if our efforts are primarily devoted to 
increasing the efficiency of our existing ships rather than to increasing 
their mere numbers and paper values, unaccompanied by the removal of 
those points of weakness, which at present make it impossible to render 
our theoretical naval power really existent and effective. 

There is a tendency, even in some high and responsible quarters, to 
display a very spurious kind of calm which confuses preparation with 
panic, but surely no merit can be claimed for the " too late " method, 
which ignores weak spots and defects until they are revealed at a 
moment of national danger ; when, owing to the neglect of every 
precaution dictated by reason and duty, disaster mercilessly brings them 
into the full light of publicity, and necessitates the hurried and 
uneconomical expenditure of energy and wealth, with the result that, 
even at the best, the nation is robbed of many initial advantages, which 
would be gained had the remedies been opportunely applied. 

Public ignorance, regarding such questions as that which is the 
subject of this paper, renders it dangerously easy for the responsible 
authorities, by means of specious arguments and incomplete statements, 
to create a feeling of public confidence which is quite unwarranted by 
the true facts of the case. The experiences of the past do not encourage 
thinking men to repose blind confidence in those who are at any given 
time, according to the vicissitudes of party politics, entrusted with the 
safe-guarding of our empire. Our whole national history teaches us that 
reforms, no matter how obviously essential, are rarely brought about 
otherwise than by the force of organised and intelligently-directed public 
opinion. 
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Unfortunately, the qiieBtioD& at issue tiro, t-o a great extent, so spedsi] 
and technical that^ bjf the means hitherto adopts, it has bc^u impo^ible 
to educate pnblic opinion up to that state of enlightenment which alone 
can endow it with intelligent activity and determi nation, and disaster 
would seem to be necessary in order to convince the responsible authori- 
tiee that reforms are absolutely Lecessary in the engineering branch of 
the Navy. 

The eiecutive branch, which alone is represented on the Board of 
Admiralty, is, to quote the words of one of its own members, *' a close 
corporation/' which ifi very jealously guarded, in strict conformity with 
traditions and ultra- Conservative principles that ore in many respects 
irrelevant to» and out of harmony with, the reqnirements of a modern 
steam navy. The interests of the nation demand that the Kavy shall 
be constituted and administered in accordance with those principles 
which are best calculated to conduce to the attainment of maximum 
efficiency, and ti'aditional prejudices should not be permitted to interfere 
with the institntion of reforms which are obviously necessary for the 
welfare of the empire. 

The existing difficultiea and defects were recognised more than 20 
years ago, in the early stages of their growth, by such prescient and 
liberal minded authorities as Admiral Sir Cooper Key, Admiral Followes,- 
arid 8ir Edward Reed ; and the neccBsity for drastic reforms in the 
engineering branch of the Royal Navy has been constantly urged during 
the whole of the subsequent period, but unhappily without any effect 
whatever. 

In more than one instance, those who have in their public utterances 
recognised the need for reform have passed into the highest adminis- 
trative position at the Admiralty, but, strange to say, they have hitherto 
failed to give any practical effect to the beliefs which they had formerly 
expressed. 

It is an interesting and significant fact that, as far back as the year 
1876, an Admiralty Committee, under the chairmanship of Sir A. 
Cooper Key, which was appointed to inquire into the condition of the 
engineering branch, reported unanimously as follows : — " The chief 
eiiirinecr has a large body of men under his immediate orders, many of 
wlium are quartered at guns, and have to take an active part in action. 
His duties arc in many respects executive. We are, therefore, of opinion 
tliat engineer oillcers should in future be classed with the military or 
(.'xccutivc Ijrauch of the i»rofcssion, among those who would not on any 
occasion succeed to command.'' That important recommendation has 
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not, up to this day, been adopted, although during the 28 intervening 
years of inaction the necessity for the change has become daily accen- 
tuated by the rapid development of the new conditions. 

It is surprising, indeed it is alarming, but nevertheless true, that in 
spite of the undeniable importance of the questions at issue, and in 
defiance of unmistakable evidence of the urgent need for their satis- 
factory solution, the Admiralty have, up to the present time, given no 
sign of their appreciation of the position or of any sincere intention to 
rectify it. Such apathy is inexplicable, in the face of an array of facts 
which should constitute the strongest incentive to action on the part of 
a public department which has no legitimate interests to serve but those 
of the nation, and whose first duty it is to place the Navy in the highest 
possible state of efficiency and preparedness for the performance of its 
ultimate momentous functions. 

With a determined persistency, every effort is being made to retain a 
system which has long outlived the conditions under which it was 
created, and which is quite unsuited to the present requirements of the 
service. It is, therefore, not surprising to any unprejudiced mind that 
the present state of things has caused a feeling of intense dissatisfaction 
to permeate the ranks of the naval engineers, which strikes at the very 
root of efficiency, and, were the true state of affairs known and realised 
by the general public, there would be a natural anxiety and a disturb- 
ance of confidence which, unfortunately, would be only too well justified. 

This question cannot be ignored. It is a grave national danger, and 
an immediate solution is imperative, in view of our vast and increasing 
Imperial responsibilities, and of the large number of high-powered com- 
plicated ships of war now in course of construction, for which it will be 
impossible to find engine-room complements of adequate numbers, skill, 
and experience. 

In view of their special ability to understand the nature and full 
significance of the more or less technical questions which are at issue, 
it is a duty which the engineering professions owe to the country to lend 
their powerful advocacy to the cause of reform. That duty devolves 
with particular directness upon marine engineers, and members of this 
and kindred institutions. The gravity of the question demands their 
attention. Let them speak with no uncertain voice, and give to the 
nation the benefit of their life's experience, and their true and fearless 
estimation of this national danger. 

In order to fulfil any useful purpose, their support must be active, 
and must take the form of arousing professional and lay interest in the 
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subject, by collecting and disseminating full information as to the facts 
of the case, and by bringing the subject under discussion at the 
meetings of the various engineering institutions. Such action can be 
effectively undertaken only by an organised body, and the writer would 
venture to suggest that a committee, representative of the engineering 
professions of the country, should be formed to deal with the matter. 

There could be no better conclusion to this paper than the following 
impressive and eloquent passage, extracted from one of those famous 
letters which Sir E. J. Reed wrote to The Times in 1877:— "If this 
Navy of which I am writing belonged to the few politicians and 
admirals who regulate it we might smile at the absurdity of such 
arrangements, and there leave the matter. But .... the Navy 
of Britain belongs to the people of Britain, and the depression, I would 
even say the degradation, of a class of officers upon whom its efficiency 
and glory must so largely depend in future, is a matter of the most 

serious public concern It is shameful to leave an evil of 

this kind to wait for redress until the engineers themselves require and 
demand it. Their interest in the matter, however great, is only 
secondary ; it is for the country's interest that the position of naval 
engineers should be raised to a level corresponding to the greatness of 
their present trust, and to the weight of their enlarged responsibilities." 

Addendum. 
Since the above paper was written, the statement of the First Lord 
of the Admiralty, explanatory of the Navy estimates for 1900-1901, has 
been published, and it contains the following passage referring to 
engineer officers : — 

" The promotion, status, and pay of engineer officers have been recently con- 
sidered by a committee of the Board, with the result that the following changes 
have been approved: — The list of chief inspectors of machinery has been 
increased from 6 to 8, and that of inspectors of machinery from 8 to 13 ; the 
Engineer-in -Chief has been given the relative rank of rear-admiral ; the rank of 
staff-engineer has been abolished ; chief engineers will rank with lieutenants of 
eight years' seniority, instead of, as now, with but after lieutenants, and 
engineers on promotion will rank with lieutenants instead of with but after. In 
other respects the relative rank of engineer officers remains unchanged. 
Engineers will be given a new scale of pay, viz : — 

On promotion ... lOs. a day. 

After 4 years lis. a day. 

After 8 years 12s. a day. 

— and the allowance of Is. a day at present paid to senior engineers for all ships 
will be replaced by a scale varying according to responsibility, from Is. to 2s. 6d. 
a day.' 
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It will be seen that the changes proposed are of a trivial character, 
and leave untouched all the questions of vital importance. 

It is difficult to conceive the spirit which prompts responsible 
ministers and public officials to deal with national interests in a manner 
which would appear to indicate that their chief object is to stifle 
criticism by granting minor concesssions, and so create an impression 
in the public mind that the entire question has been thoroughly con- 
sidered and effectively dealt with. 



APPENDIX A. 

comparativb costs op bntbring thb various commissionbd 
Ranks op the Royal Navy, 

The following interesting extracts from a letter by a retired naval 
officer were given in the Naval and Military Record of the 29th Sep- 
tember, 189S, making a comparison between the expense of educating 
two of his sons —one for the engineering branch, who started his Keyham 
course at 16, the other for the medical branch of the Navy at 17. He 
says, '' My estimate, based on actual figures, and there was no stint ii^ 
either case," is as follows : — 



Enginkbbino Branch.— (Boy starts at 16.) 

Entrance examination 

Five years' course at £40 

Uniform at start 

Plain and underclothing 

Recreation fund (partly compulsory) five years 

Books, stationery, models, instruments 

Annual expenses, washing, etc., plain clothes, uniform, 

and details, £40 per annum 



Medical Bbanch.— (The boy started at 17.) 

School for one year 

Matriculation examination 

Hospital fee (London Hospital) 

Examination fees, registration, etc 

Instruments, anatomical dissections, books,, etc. 

Plain clothes (renewal of), washing, etc 

Board and lodgings (allowing for holidays, etc.) 

Examination for entrance into Navy 

Details not recollected 



£ 8. d. 

1 

200 

50 

50 

25 



50 



200 
£576 



£ 


s. 


d. 


100 








1 








105 








49 








50 








50 








200 








1 








40 








:596 





_0 
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Thifl parent ndda : " In each case I do not include cost of tiniform 
for entry as a commissioned offl€er, though anyone can Bee that the coet 
for the engineer, due to the rough usage in connet^tion with machinery 
and duties generally, must be more than the coet to surgeon for hiB walk 
to the aick bay a few times a day." 

These figures are^ of conrae, enhject to a little fluctuation, according 
to the viewB of parents as to what ig necessary^ but this would not afiliect 
their proportions. 

Another letter in the Naval and MilUary Remrd, same date, saya; 
"A doctor in the &er\nce sent a friend a copy of the LancH (the 
Students' numUr), in the editorial of which the writer states that for 
£400 a boy oonld graduate,*' It could lie done for even I^b. 

ExEODTrvB Brakch. 

Wow let U3 glance at the cost of training in H.M.S. ** Britannia," 
and until iudependenL Boy entera 14j to 15j, average 15), 

Entrance ©xftroitiAtioii 

Fees, four terras at £26 

Outfit ftt start ,., 

Plain and underclotliiag for five ytsars 

Books, atationerf, mBtruuietit«» ^:ctant, etc. 
i 4imuAl uxpetiseBf woAhing, renewals of unlfocm anil plam 
* clothes, et<:.^ for four years at £40 per annum 

Allowance of £50 per annum, compulsory, for 3} years 
after leaving "Britannia," till rank of Sub-Lieu- 
tenant is attained 

Deduct one year's schooling, from 15 to 16, which the 
Engineer Student, Doctor and Paymaster have to pay 



£ s. 


d. 


... I 





... 100 





... 50 





.,. m 





.„ 45 






ItK) 

187 10 

£593 10 

100 



£493 10 



Paymaster's Branch. 
Expenses of clerks entering the Xavj ou same scale as preceding 
estimates. (Over 17, and under 13). 



One year extra at school 

Examination fees 

Possihly one half-year, if not passed at first trial 

Medical examination, and expenses toLon<l()n and back for same 

Allowance by parent for lirst year till appointed assistant clerk 



£ 

lOo 

2 

50 

10 

20 



s. d. 













I )r(lucl from tliis 

Pay from IS to \\) f4.j V2 | 

Pay from 19 to 20 73 I 



Piironts are only out of pocket, £()3 8s. 



£182 



118 12 



£63 8 
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APPENDIX B. 
Desoriptions op the Machinery of Typical British Warships. 

The steam screw frigate, H.M.S. " Agincourt," was built about 1866. 
Her engines were of the horizontal cylinder return connecting rod type, 
the 2 cylinders being each 101 inches diameter, with 64-inches stroke. 

The steam was supplied, at a pressure of 25 lbs. per square inch, by 
10 rectangular return tubular boilers, having 40 furnaces. 

Her nominal H.P. was 1,360, but on her trial trips her engines 
developed 6,867 I.H.P. at 61 J revolutions per minute. 

The engines were very heavy, and were fitted with jet condensers. 

The auxiliary engines were only 3 in number. 

There was no mechanism in connection with the armament. 

The first-class twin screw battleship, H.M.S. " Vengeance," has a 
displacement of 12,950 tons, and is fitted with 2 sets of triple expansion 
engines, which are capable of developing 13,500 total I.H.P., with 
natural draught. 

The maximum speed of this vessel is 18 knots per hour. 

The cylinder diameters are 30 inches, 49 inches, and 80 inches 
respectively. 

The stroke is 51 inches, and the engines run at 108 revolutions per 
minute. 

The steam is generated at a pressure of 300 lbs. per square inch by 
20 Belleville water tube boilers, fitted with economisers, and is reduced 
at the engines to 260 lbs. per square inch. 

The auxiliary machinery, consisting of 78 engines, is as follows : — 

2 Starting engines. 2 Turning engines. 

4 Main circulating engines. 2 Auxiliary circulating engines. 

2 Hotwell engines. 6 Feed engines. 

4 Fire engines. 1 Workshop engine. 

6 Furnace air pumping engines. 4 Distilling engines. 

3 Dynamo engines. 2 Steering engines. 

4 Air compressing engines. 2 Boat hoist engines. 
2 Refrigerator engines. 1 Drain Tank engine. 
2 Capstan engines. 2 Coal hoist engines. 

5 Ash hoist engines. 8 Ventilating engines for ship. 

2 Ventilating engines for engine room. 6 Ventilating engines for boiler room. 

3 HydrauUc pressure steam engines. 4 Hydraulic engines for barbettes. 

The armament consists of four 12-inch and twelve 6-inch guns, 
and about thirty-eight smaller guns, including Maxims, and two sub- 
merged torpedo tubes. 

This ship carries 3 steam-boats and 19 torpedoes. 

VoLXVl.-MOO. ^^ 
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Exdosine of the ^ s^ts of m&in emsiaas and their direct driven air 
pomps, tbe diief otsiiKer he iiDder his charge, 78 anxOiary eDgines and 
machines, the machinor of 3 steun-hoats, t sahmeiged torpedo tabes, 
and 19 toqiiedoes. t<K^eiher vith the mechanism of the whole of the gon 
moantings and the innxmxnbie waser tight doois and campartment, 
flooding and pampiK anazifT&mexits fitted throoghoot the ship. 

The first-iJasB croiser. H.M A "^Tarible.** has a diflplarement of 
U«2<X» tons, and is fined with ^ sets of triple expanBkm engines 
developing f 5.0«» total I.H.P. with natmal draught, and |fft^«Iling the 
ship at a maTimnTn speed o( ^± knots per hour. 

The diametei^ of the high and intermediate pfeasore cylinders are 45 
inches and 70 inches respectiTelT, and there are f low pieaBoie cylinders 
each 76 inches in diameter. The stroke is 48 indies, and the engines 
ran at 1 1 :^ revolations per minute. 

The steam is generated at a presEure of 260 lbs. per square inch, by 
48 Belleville water tube boilers^ and is reduced at the engines to 210 lbs. 
per square inch. 
The auxiliary engines and other machines. exdnsiTe of armament 
mechanism, are 98 in number, viz : — 

6 Main feed engines. 18 Fan engines. 

8 Auxiliary feed engines. 4 Air-co mpie— iu g engines. 

4 Main circulating engines. 1 Refrigerating *« gi»y»_ 

2 AuxiliarT circulating engines. \2 Ash hoist engines. 

*2 Hotwell pumps. 2 Coal hoist engines. 

4 Fire and bilge engines. 2 Boat hoist engines. 

2 Reversing engines. 1 Workshop engine. 

2 Controlling pumps for feed engines. 2 Turning engines. 

2 Steering engine . 12 Air furnace engines. 

3 Electric light engines. 2 Ci^istan engines. 
2 Evaporator pumps. . 

The armament consists of two 9"2-inch, twelve 6-inch, eighteen 
12-pounder, and a number of smaller gruns and Maxims, and four sub- 
merged torpedo tubes. 

The armoured cruiser, H.M.S. " Drake,'" which is now building, will 
have a displacement of 14,100 tons and a total I.H.P. of 30,000 when 
working with N.D. Her speed is to be 28 knots per hour. 

The torpedo boat destroyer H.M.S. *' Mermaid " is a representative 
specimen of a batch of 12 new boats. 

Her displacement is only 320 tons, but she is fitted with twin 8cre?r8 
driven by 2 sets of triple expansion engines, each 19 inches, 29 inches, 
and IB inches by 18 inches stroke, developing under F.D. no less than 
6,541 total I.H.P. when running at 400 revolutions per minute. 
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Under these conditions, the speed attained on the measured mile was 
30'98 knots per hour, and the speed maintained during a 3 hours' run 
was 30*888 knots per hour. 

Her auxiliary machinery, consisting of 18 engines, is as follows :— 

2 Circulating engines. 1 Electric light engine. 

4 Feed engines. I Distilling engine. 

1 Bilge engine. 1 Capstan engine. 

1 Steering engine. 2 Starting engines. 

1 Air-compressing engine. 4 Fan engines. 

The torpedo boat destroyer, H.M.S. " Express," now building, is to 
be fitted with engines capable of developing 9,260 I.H.P. under F.D. 
conditions. 



APPENDIX 0. 

Statement op the Changes in Organisation, &c., which the 
Engineer Oftiobbs, Royal Navy, consider necessary to 

PLACE their department UPON AN EFFICIENT FOOTING. 



The Engineering Branch of the Royal Navy. 

The engineer officers of Her Majesty's fleet consider it their duty to 
make known to all those interested in the efficiency of the Navy, the 
intense dissatisfaction prevailing amongst them with regard to the un- 
duly subordinate position their department holds in that service. 

This dissatisfaction is of long standing, affects all ranks and ratings, 
and, owing to the development of modem ships of war, leads those 
officers who are responsible to entertain grave doubts of the ability of 
their department to bear the stress to which it must be subjected during 
actual warfare. 

The Causes of dissatisfaction are : — 

1. Engineer officers are still classed as a civil branch of the Navy. 
They have no executive control in their own department, and have no 
power to award even minor punishments. 

The officers are not permitted to sit on courts martial when an officer 
or man of the engine-room department is being tried for departmental 
offences. 

2. The rank held by these officers is, age for age with the executive 
branch, unsatisfactory, considering their great responsibilities. The 
numbers of officers, too, in the highest ranks of these branches is dispro- 
portionate, as there are only 14 engineers out of* a total of nearly 900 
ranking with captains, who number 189 out of a total of 1,786 commis- 
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flioned officers of the executive. There are also 65 flag officers on the 
active list, with the most junior of whom not one engineer officer has 
equal rank. There i&, therefore, an officer of or above the rank of 
captain for every 7 commiBsioned executive officei-e, whilst in the 
engineering branch there is but oue of captain's rank for every 69 
engineer officers, 

3* The engineering branch has not a single representative on the 
Admiralty Board, notwithstanding the fact that it has a persmmel of 
about 25,000, and responsibilities in connection with nearly the whole of 
the mafiriiL 

4. The pay of these officers generally, more especially on promotion 
to the rank of '" engineer," and while serving in that rank, is quite in- 



5. The compulsory retention of engineer officers beyond the age of 
50 is detrimental to the interests of the service, and causes a serious 
block in the promotion of officers from the rank of " engineer/* 

6, Engine-room complements are too small to carry out the work of 
the department under high rates of steaming, or under such atrees of 
circunistatices as may be expected during war time. 

7 Writers are not allowed to the chief engineers of H.iL ships, 
consequently highly trained officers have to be employed for merely 
clerical work: There is no regulation which ensures that specially suit- 
able persons for charge of engineerB* stores shall be included in the 
engine-room complements. 

8. Stokers are not granted re-engaging pay as is now given to the 
seamen class. 



Engineer officers are agreed that the foUotving remedies would greatly 
increase the efficiency of the Navy : — 

1. A corps of Royal Naval Engineers should be formed, and classed 
as a military branch of the Navy, the officers being executive in their 
own department, and administering minor punishments in it. 

On board ship the senior ofticer of the R.N.E. corps would be responsible 
for the discipline and conduct of his stall to the captain direct. The 
engine-room ratings in the Naval depots would be under the entire 
charge of the Royal Naval Engineer olhcers, who would be solely re- 
sponsible for the training and distribution of their men. 

All othctr of the R.N.E. c()rj)s to .sit on courts martial when an ofhcer or 
man of the corps is being tried for departmental otTences. 
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2 & 8. The titles and mode of promotion to be : — 

cobbesponding aob of 
Titles and Age. Deck Officers. 

Cadet, R.N.E., 16 to 21 Cadet and Midshipman, 14i to 19. 

Sub-Ideutenant, R.N.E., 21 Sub-Lieutenant, 19. 

Lieutenant, R.N.E., 24 to 25 Lieutenant, 19 to 22. 

(To commence counting senior time). 
Lieutenant of 8 years, RN.E., 32 to 33 Lieutenant of 8 years, 27 to 30. 
Commander, R.N.E. (No. kept at 200)... 0>mmander (by selection). 

Captain, RN.E. (by selection) Captain (by selection). 

Rear- Admiral, RN.E. (5 in number) ... Rear- Admiral (by rotation). 

Officers of the R.N.E. corps to rank with the deck officers according to date 
of commission, with uniform the same as now worn by those officers, 
but with distinction cloth. 

The engineer-in- chief to rank as Vice- Admiral. An engineer officer 
to have a seat on the Admiralty Board. 

The number of captains, R.N.E., to be 25— For service at the Admiralty, 
in the fleet and dockyard reserves, the dockyards, dep6ts. Royal Navy 
Engineers' College, &c. 

4. A parliamentary committee to be appointed to enquire into, and 
adjust, the pay and retirement of the officers of the R.N.E. corps. 

5. Officers of the rank of Commander, R.N.E., to be permitted to 
retire at the age of 60. 

6. The complements of the engine-room departments in H.M. ships 
to be increased, until a condition of safety has been attained. 

7. A writer, recruited from the department, to be added to all 
engine-room complements. A definite rating called (for example) 
** Yeoman of Stores" to be established, similar to that of stoker- 
mechanic, with an allowance while serving in that capacity. 

8. Stokers to be granted re-engaging pay, as now given to the 

seamen class. 

Explanatory : — 

Naval engineer officers are of opinion that in consequence of the 
enormous increase in their responsibilities, more especially in the event 
of war, the time has now arrived for their position on board H.M. ships 
to be strengthened, and their full value officially recognised, so that they 
may be able to perform their duties in a manner worthy of the best 
traditions of the service. 

The engineer officers are convinced that the best way to achieve this 
result would be by the formation of a separate Corps of Naval Engineers, 
by levelling up the rank of officers, and by adopting executive titles 
indicative of the executive nature of their duties. 

I'he habit of command and proper control by the engineer officers of 
their subordinates is actually hampered by the present constitution of 
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the angineormg departmeni, which does not pennlt these officers uo 
assume any executive anthoritj over their men, nor give them the power 
to reward merit and puniBh misconduct- This want of power is more 
especially felt when the offences are of a technical nature connected with 
matters relating to machinery or the datiee of the engine room, the 
gravity of which can l>e beat appreciated by the officer in charge of the 
engineering department. The engine room ratings never feel that their 
own officers have any power over them which can compare with that 
exercised by the deck officer, who ia frequently a perfect atronger to 
them until they are— according to the rules of the servi^^e— hmught 
before him by the engineer officer for aome irregularity demanding 
investigation and necessary punishment. This absence of direct control 
on the part of these officers undermines their self- confidence, and ha* 
its reflex action on the men, who are always quick to notice any signs of 
inferiority in the atatua of their departmental officers. They, therefor^ 
cannot be expected to acquire the proper feeling of respect for the 
officer who is so little trusted that he cannot l>e allowed even to award 
minor poniahments for offences comjnitted almost immediately under 
his own eyes and in his own department. It is important to 
remember that the whole of the men of the engineering branch join the 
Navy at an adult agej they go to sea withont any previous acquaintance 
with their duties, and have not had the opportunity of acquiring during 
their youth those habits of order* discipline, and strict obedience which 
are so valuable a feature in the training of the seamen class who enter 
the training ships as boys. In all newly- com missioned ships at least 
one-third of the stoker complement consists of these raw recruits, while 
of the remaining two-thirds many are frequently of scarcely more than 
one year's service. 

The necessity for executive rank in the engineering branch was 
recognised as long ago as 187G by the committee presided over by the 
late Admiral Sir A. Cooper-Key, which, after tui exhaustive inquiry, 
recommended " that the engineer officers should be classed with the 
executive or military branch among those who would not on any occasion 
succeed to command." If such a change were necessary then, how 
much more so is it at tlie present day ? 

The naval engineer holds rplntire rank only, and in many grades his 
iniiforni — the outward sign of the estimation in which he is held — 
achertises his inferior position, and tends to weaken his authority in the 
eyes of his subordinates. The otlicers of the rank of " engineer '' may be 
(juoted as an example of this, ^lany of these officers (over 100 at the 
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present time) are performing the duties of " chief engineer " in various 
small vessels, principally the " destroyer " type, where the horse-power 
is, in some cases, as high as 10,000 ; yet it will hardly be credited that 
a large number of them have rank to wi% hut after ^ the most junior 
lieutenant or surgeon, and, in addition, advertise this fact on their 
uniform. It is a fact that these officers cannot attain, until 1 1 years 
after the completion of their training, the rank and pay that a medical 
officer is granted on entering the service. Can it be wondered at that, 
with their great responsibilities and lack of official appreciation, this 
particular grade of naval engineer is very discontented. 

Further, at the Admiralty, the headquarters of the largest steam 
fleet in the world, the head of the engineering branch is not admitted to 
the councils of the Admiralty. Surely, with the experience that has 
recently been gained, it is time that an engineer officer of high rank had 
a seat on the Admiralty Board itself. 

The duties of a naval engineer in H.M. ships at sea are (especially 
during his junior service) of a very trying description physically, and 
the result is that by the time he arrives at the age of 50 the average 
officer would be quite unfitted to stand the immense strain which modern 
warfare would entail. Another reason for permitting optional retire- 
ment at 50 years of age is to facilitate the flow of promotion among the 
junior ranks, in which at the present time there is a most serious block. 

In submitting this statement the engineer officers do so with an 
earnest concern for the efficiency of their department. It is with them 
no question of a desire to diminish in any way the authority of the 
executive ; in support of which statement they feel justified in referring 
to the loyal and zealous performance of their duties under many 
disabilities as a comparatively new branch of the Navy, and amid the 
trying conditions incidental to the rapid development of engineering for 
war-ship purposes. These officers maintain that, in accepting the 
responsibilities of their position in their country's defence, they deserve 
equal honours with the other branches of the fighting services. 

The engineer officers unhesitatingly submit that the marks of 
inferiority which have for so long been the bitter portion of their 
profession should be removed, so that they may be proud of belonging to 
the Navy, and of the uniform they wear. They are convinced that 
nothing short of a full recognition of the value of the engineering 
department, and its complete re-organisation, will enable it properly 
to fulfil its onerous functions, on which the efficiency of the British 
Navy must so largely depend. 
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DISCUSSION. 

The Yioe-Peesident said he had to state before proceeding with the 
difictisBioD that both Mr* Morison and the Secretary had received a 
number of commnnications from some well-known people, and he would 
like to know if it wan their wish that these commiinicatioDS should be 
r^d- The Secretary had one from Sir Fort^scue Hanuery, another from 
Mr- Ja», M'Kechnie, of Barrow-in-FiiTnesfi, and Mr. W. Brown, of Wool- 
wich, 

Mr, Moarao?f t I have also about a handred. 

On the motion of Me. WfiSTOABTH, the communications were 
r^-mitted for publi cation in the Pro€4}edmgB, 

Mnrch 2B(h, 1900. 
Dear Me. Duckitt, 

Thankfi for your letter of yeaterday kindly conveying to me the 
courteous invitation of your Oooncil to attend at the meeting on the SOth 
inst., for the purpose of joinin*^ in the debate upon Mr. Morison 's paper, 
oil " The Position of Eri^^ineera in the Royal Navy." I gi'eatly regret 
that my duty in Parliament makes it impossible for me to leave London 
this week, otherwise I should have had much pleasure in attending. 

I have carefully read the proof of Mr. Morison's paper, and am glad 
to find that it deals worthily and comprehensively with so important a 
subject. The question of the position of the engineers in H.M. 
Pleet is not one pertaining to the engineers alone ; it is a national 
question, affecting the efficiency of the fleet upon which the very 
existence of Great Britain as a nation depends. The concessions granted 
by the Admiralty recently to engineers are in the right direction, but 
they do not go far enough. What is required is that the engineers should 
not be mere officials or scientific assessors, ranking in power and 
authority with the chaplain and the surgeon and the paymaster, but that 
they should be officers in reality, with ])roper authority to ensure dis- 
cipline amongst the men nominally under their control The chaplain, 
the snrijeon, and the j)aymaster have no res}»onsibility for the efficiency 
of a (Icjai'tnicnt or for numbers of men. The engineer, whose authority 
is no irrcatcr, has responsibility frequently for the greater portion of the 
<] lip's company, and still his orders are given on sufferance and without 
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the power of executive control vested in the most subordinate sub- 
lieutenant, or even the junior midshipman. Successive committees 
appointed by the Admiralty to consider this question have arrived at 
conclusions that the engineer should be an officer in fact, and in rank and 
in title, and not merely a civilian as he is at present. But although 
those committees have been appointed with presumedly the intention 
of acting upon their reports, these reports, when found by the Admiralty 
to be in favour of executive control to the engineers, have been ignored. 
The latest investigation was one held, by the orders of the present Board 
of Admiralty, by Mr. Macartne}, M.P., the secretary of the Admiralty, 
Admiral Douglas and Captain Prince Louis of Battenberg, and their 
report was in favour of forming separate corps and giving the engineers 
executive rank. I challenged the First Lord of the Admiralty on this 
report in the House of Commons recently, and this fact was not denied, 
nor was any attempt made by the Admiralty to justify its departure 
from the recommendations of its own recently appointed committee, two 
members of which were executive sailor officers and the third member a 
civilian, entirely unprejudiced in favour of engineers, and all of them 
capable of approaching this question with unbiassed minds. 

The reform must come, and, if in addition to the efforts being made 
in Parliament, societies throughout the country of such an influential 
character as your own will discuss, and agitate, and pass resolutions to be 
forwarded officially to the Admiralty, and to the members of Parliament 
representing maritime districts, the day will be hastened when this 
necessary and highly important change will be effected ; leading, as we all 
patriotically hope, to the complete and thorough efficiency of H.M. Navy. 

Yours faithfully, 

FOBTBSCUB FlANNERY. 

ViCKBRs, Sons, & Maxim, Limitbd, 
Naval Construction Works, Barrow-in-Furness, 

March 22th, 1900. 
Dear Mr. Duckitt, 

I have to acknowledge receipt of the advance proof of Mr. Morison's 
paper on "The British Naval Engineer, his Present Position and 
Influence on our Sea Power," and in reply to your request I herewith 
enclose a few notes on the subject. 

Yours faithfully, 

James McEechnie. 
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My close association with naraJ machinery And naval engineers has 
compelled me to take a deep inter^t in the snbject with which Mr. 
MorisoD has dealt bo ably in his paper, and os I have )>tien asked to say 
something I avail myself of this meanB of agreeing with many engineers 
in the strong opinion that some amendment is desirable in our naval 
engineering system. A note for reform has been stated in a comprehen* 
siye way by the atithor of the paper. He hus not omitted any point ; 
indeed J he has even made one oncomf or table by the dark, lui*id coat he 
has painted over us in the possible collapse on the nest eerions call on the 
naval engineer, I am not, however, one of those who take the pessimistic 
view which may be promoted by Mr. Morisou's paper, although 
probably quite unintentional oo his part. Experience advises confidence 
in the resource of the naval engineer, young as he may be, for be has 
received a good training either at the Key ham establishment, so ably 
conducted by Mr. Mayston, or in some of our private engineering 
establishments ; hut while we discourage such pessicuism it is equally 
important that we should make every effort to have undoubted 
grievances redressed, because the naval engineer is certain to act with 
the pluck and grit which has ever characterised liis race. The nation 
has no right to exact duties which are too onerous, without giving him 
even the credit or the reward, A great change has been made iu our shipe 
of war by the advances of mechanical engineering. Wars will be fought 
and won as much by the watchfulness and resource of the engineering 
staff as by the strategetic skill and accurate fire of the fighting staff. 
The increasing importance given to steam machinery even in our battle- 
ships, which are no longer slow moving, fighting batteries, but high 
speed nineteen knot line of battle cruisers is undoubted, and yet the 
relative status of executive and engineer officers is continued without 
change. The executive officer has the same position as when there was 
no engine in the ship and the engineer is without rank — he is indeed 
without official status. As this new element in naval power is as 
important as firing the guns or navigating the ship, the personnel having 
cliarge of it should logically be recognised as clearly. Again, the 
adequacy of the staff should be as jealously promoted. Engineers 
sjii'cially recognise the importance to the Navy of this matter, and here I 
would strongly urire that our advocacy sliould go forth on this basis 
riitlKT than as a ])iec'e of special ]>leading for the naval engineers because 
tilt y liapjeii to be members of our Institution or of our profession. I 
know i will not be niisnnderstood iu thus difTerentiating between the 
national cause and the pirromU clement — much has been lost in this way 
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and more by injndicions reasoning and extravagant claims, and I 
strongly urge that these should be guarded against in any step to be 
taken by the Institution. The advocates of naval engineers in the 
House of Commons and in the Press have not always acted with discrimi- 
nation. The spirit of exaggeration has been too pronounced, and if 
action is taken by the Institution I think the preferable course would be 
to arrange for a strong representative deputation of engineers, selected 
by our Institution in conjunction with the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, the Institution of Shipbuilders 
and Engineers in Scotland, and the Institution of Naval Architects 
to wait upon the First Lord of the Admiralty and formulate a reasonably 
moderate reform, which could be supported by incontrovertible arguments 
of national moment. I am persuaded that the views thus enunciated of 
those who build and engine the ships of war would have great weight 
with Mr. Goschen, who has ever shown such a strong desire to make the 
Navy invulnerable and its administration perfect. Precision as well as 
moderation must be practised in the formulation of the reforms. It is 
just possible that owing to the variation in the demands as well as in 
their extravagance the aims of the friends of the naval engineers have 
been defeated, but I would advise the committee or deputation to 
ascertain the state of the case in other navies. I am informed that in 
Russia every officer, engineering as well as executive, has the right to 
punish the inferiors in his department, and prohibition to do this is one 
of the grievances of our engineers. Again, it is surely not beyond the 
wit of man to devise a system of rank which would satisfy the engineers 
and yet not interfere with the executive staff. Mr. Morison points out 
the dearth of applicants has apparently rendered it necessary to introduce 
engineers from the private workshops in the country, and points out 
that this is likely to increase in the future. This I think might be made 
a satisfactory system, and as there is something in his argument that 
such men lack the discipline which drilled training confers, I would 
suggest that it should be a condition that men thus admitted into the 
Navy from private works should have served a certain period of years 
either in the rifle or artillery, or naval volunteers. On page 187, Mr. 
Morison gives a list of the duties and responsibilities of the naval 
engineer. This should be supplemented by the statement that trans- 
ferable mountings and deck torpedo tubes are under the joint charge of 
the engineer and the gunner and torpedo lieutenants, while all the 
electric motors are under the charge of the torpedo lieutenants. This 
means that stokehold fans driven by electric motors would be under the 
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charge of the torpedo lieutenant, while the boilers themselves woald be 
under the charge of the engineer. Here we have an overlapping and 
interchange, which seeme to indicate that to refuse to recognise the 
engineer as a combatant officer and to grant him rank is in consistent ; 
but I have already said enough and hope that some effective action will 
be taken which will ensure that the First Lord of the Admiralty will have 
placed before him the views of the naval engineering constractors, who 
arc the citizens best rjualitied to form an opinion on this question of great 
national importance. 

Woolwich, 

March 2Blh, 1900. 

DKABMr, DUCKITT, 

The proof of Mr. Morigon'e paper has Just come into my hands and 
I hasten to oifer a few remarks without having read the proof, and I 
tniBt that Mr. Morifion'a paper will be the means of calling further 
attention to the statas of the most valuable branch of H,M, Navy* 

Having almost continuously been in touch with the engineering 
branch of H.M. Navy for twenty years, I have had every opportunity of 
judging of their qnahli coitions as engineers and cannot speaJk too highly 
of them ag a bi'anch of the &ervit>e. 

Seeing that the engineer of a warship has both hull and machinery 
under his charge so that the modem fighting ship is an engineers* 
domain in every sense, it is quite time that the engineer-in-chief should 
have a seat on the Board of Admiralty. 

The dearth of engineers in the Navy is greatly owing to the stiff 
examination in mathematics and as only a very few of those who pass 
this examination have an opportunity afforded them of being appointed 
to the designing department at the Admiralty, a great proportion of 
those who have worked hard and got well up to the top of the list are 
disappointed. 

I feel sure that many who fail under present conditions would have 
made very good practical engineers, and that is the class of officer who 
is required on board a vessel going away on a foreign commission. With 
tlie matheniatical standard altered 1 feel sure that a sufficient number 
of young engineers of liiirli mathematical attainments would be found 
from which to select designers, as only about IT) per cent, of those 
ciiU red into the engineering l)ranch of the Navy are thus required. 

1 do not kno^\ if any course of instruction is given to the young 
^ " ni^ineeis with a view to anticipating repairs in cases of breakdowns at 
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sea, but I think the clear demonstration of an effective and smart repair 
is of infinitely greater value to the majority of the students than an 
abstruse mathematical problem. 

The appointment of engineers instead of chief engineers is a proof of 
the scarcity of senior oflBcei's in the engineering branch of the service, but 
I will not say that it is wrong to appoint an engineer in lieu of a chief, 
for it must be remembered that to be able to enter the Navy an applicant 
must be no fool and that by the time he has reached the rank of engineer 
he may have bad a great deal more experience than an engineer in the 
merchant service who has put in sea time enough to pass the Board of 
Trade examination as chief ; and I do not for one moment believe that 
these appointments are made without very careful thought and enquiry 
into the past services of the engineer thus appointed to the chief's duties. 

With respect to the pay of the engineering branch of the service this 
is in my opinion a subject for very serious consideration. This officer 
must keep up his position as such at sea, his family must live up to his 
position at home, and his children have to be educated ; and all this at 
the time when his pay is very inadequate. At present he gets the 
higher remuneration when his family is grown up and the opportunity 
for ever lost of giving his children an education which would have 
ensured (in all probability) the sons following the same profession as their 
father, and this latter is an object at which our naval authorities should 
aim. 

On the first of April, I believe, a re-arrangement of pay is to be 
made in this branch of the service, and so far as I can see it is about 
equal to a payment in money fresh from the mint instead of with the 
coppers now in circulation. 

Yours faithfully, 

William Brown. 

Mr. E. 6. Gearing, opening the discussion, said there could be no 
two opinions as to the value of Mr. Morison's paper, or the thanks due 
to him for the time and trouble he had taken to bring this important 
and difficult subject before them It divided itself into two parts, the 
engineering and social ; and, moreover, bristled with difficulties, the 
measure of which could be judged by the time it had taken, and the 
slowness with which any alteration had been made. As they must 
concede, the various Governments that have been in power during the 
last 80 years could not have been so unpatriotic as to wilfully leave this 
vital question unsettled, and still practically in the state they all found 
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k T ihst^OTt^ tliere missi be aome re« oo B IxsidGi the latanl inertii of 
Qieiif w!io faavu^ hdd tht reim to kng ipere doiiiG&ied to lei otlisv 
take hold. He thcmglu Uscy mi^t take it tlmt the engine during sn 
aetoml &ctioci woM ht required to vork, m far «s tber odlj were eoo- 
€L-Tikd^ tiad£;r trial trip ooodkioas. Bj this he mfcant thzi tlie 
nmximttm pcnrer mast be a¥«lbble^ and the e^pnea he nm^j to be 
haadted pnHBpUj at the comoiaiid of the eDeattive branch. Two men 
ai teait woi^ be reqtuied to be ttaiMling bj. thas ia^ one f<9r each eogme^ 
if not mar^ and po doubt tbe whole of the eogiiiKnQg sUff woold be oo 
dutj. Even ai thie^ ffotn hl& own erpmeoce, be thoqgfat the men inere 
perilotifly few for the maai of machioerj in their char^. Assuming the 
aciiOD to t»e etiooeiafiil— oifaenrif^ of course, it would not matter — the 
men woald be more or le&B neeessarilj exhausted from the netmal 
anzietf , and the high temperatore prevalent in the inachine77 depart- 
ment of many warships, and if anj further pnrinit was oeceseary, it 
mold not be kept tip for maoj honr^ bdare it wonld mentablf lag 
through the eihaoatioji of tbe Btaff in the engine-room iteelf. For 
power* such as were now in modern w&r&bi|)B, namely, 16,000 to 20^000 
horse power with twin screws^ hiB eiperience bad been that at lea&t two 
engineers were constantly required in the engine-room, and one at least 
in charge of the stokeholds ; and another to take charge of the pumping 
powi^r of the flliip to &ee that she was promrly drained of wat^r, but of 
course practically attending to both engine and boiler rooms. Besides 
these an electrician must always be on watch, and where there were 
iriBtallationg of hydraulic or other power another engineer was almost a 
necessity ; and if it was correct that in ships such as the " Mars " and 
oiir fast-urmed cruisers there were only 1 engineer and 4 assistants, with 
y> engine-room artificers, and 9 others, making a total of 16 without the 
chief, it was impossible to efficiently work this machinery for any length 
of time without serious risk of breakdown. Divided into two watches 
would give 8 men on watch with the chief having the oversight, and 
aHsiimirjg that these were all thoroughly experienced men, capable of 
taking charge of a watch— which by the age of some of them and their 
(',xj)eri(;n('e, did not seem at all probable- they would be able to keep the 
niarliincry going no doul)t for a day or two, but if the demands upon the 
stciiiii (tower ])revi()us to action which of course in the chase of the 
('iK'iiiy (ti- ()ili«'rwis(i would be very severe were considerable, it seemed 
ail 111 Id' iinj)()ssil)ility to him to keep the ship at full speed without very 
sliorily cxliaustiug the whole of the engineering staff*. Many of them 
kiK'w ili<- utU'i' (leuioralisation which soon set in in trying to run modern 
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high speed machinery with exhausted men. As to the stokeholds, in his 
experience he had found that under trial trip conditions, with men 
changed each 2 hours, each man was capable of throwing one ton of coal 
per hour into the furnaces. This required in an ordinary mail steamer 
another man to procure it for him. With the complication that must 
necessarily occur in the bunkers of a man-of-war, owing to the sub- 
division, he thought at least another man would be required. For 
ordinary purposes, steaming say up to one week, one man could throw 
into the furnace during an ordinary four hour watch with eight hours 
rest between, 16 cwts. of coal per hour. This required also one man to 
procure the coal from the bunkers ; and in a warship two at least would 
be required. Dividing the number given for a battleship into two 
watches there would not be so much cause for anxiety as there was in 
the engineering departments ; but if many of these men were taken for 
deck purposes, as he knew they were liable to, steam would very soon be 
irregular, and the engines difficult to keep anywhere near their average 
sea power. He did not think three men would keep one man sufficiently 
supplied. He had been on board a ship burning 850 tons of coal per 
day, and they could have burned more if they could have got it. If they 
steamed eight hours full steam on board a warship, they needed a lot of 
men to get the coal out. There was an undoubted case made out for 
reform, but of course the difficulty of keeping these large staffs on board 
ship when only steaming at reduced powers — which occurred the greater 
part of a warship's life — was a great one, but it appeared possible to 
arrange a system whereby the grades might be kept something like as at 
present, but being able to expand the difiFerent sections. He did not 
mean to say that they could have a peace navy the same as a peace 
army ; but if it were possible, they should have a department capable of 
expansion. He did not think the country would expect a peace comple- 
ment to be the same as the war complement. He thought, however, 
they should have an organisation with so many men for peace purposes, 
which could be extended at once. Perhaps there was such a scheme 
stowed away somewhere. It did not seem a difficult thing. He ad- 
mitted the difficulty in that they had not got the men ; but surely they 
could be secured. He thought that each ship's war crew in the en- 
gineering department should be arranged beforehand, and probably this 
had been done, and the papers with the chief engineers, who would have 
so many assistants, artificers, chief stokers and leading stokers, and other 
ratings, which should be increased on the declaration of war at once to 
the grade of war strength. Of course the difficulty of this is that there 
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ifl not a snfiicieDt immber of men borne on the books of tba Navy to 
enable thie to be done. As to tbe social side of it, tbere was in \m 
opinion an nn doubted grievaTice as to tbe relative rank of the exeentive 
and tbe engineering staff, wbich, although it naight be called Hentimentd, 
existed and serionsly impaired the efficiency of their first line of defence. 
Any engineer who bad been to sea, even in the merchant marine^ felt the 
reflection of tbis from the naval branch. It was not necessary, however, 
to enlarge on thia, as Mr. Morison had very fully gone into the matter. 

Prof. Weighton, M*A^, said thai personally he looked upon it os a 
duty that as a member of this Institution and a citizen of this country, 
one should express an opinion upon the points raised in Mr. Morison^s 
paper, B'irst of all be thcaight they owed a debt of gratitude to tbe 
writer for undertaking the work of preparing ench a paper, and for the 
fearless and open expression of his opiuioUB. Then^ could be no selfish 
or commeroial motive involved in this case. As he understood tbe 
writer's object, he had solely and exclusively tbe efficiency of the 
British Navy at heart* He believed this efficiency to be seriously 
threatened by a defective system connected with the engineering depart- 
ment, and be asked for the expression of the opinion of marine engineers 
on the subj^t. He (Prof, Weighton) could not but think that sucli a 
matter wa^ pecuharly suited for being dealt with by an Institution of 
Engineers and Shipbnilders. Looking broadly at the subject the first 
thing which struck him was that there was deep and wide-spread dis- 
content amongst the engineers in their Navy. This of itself constituted 
a prima facie case for enquiry by a competent tribunal. But this aspect 
of the case was only a comparatively trivial circumstance. This was not a 
question of justice to any class or section (though of itself even that was of 
considerable importance) ; this was a question of the fighting efficiency 
of machines, whose peculiar and special object it was to fight. If the facts 
and figures given in the pajier were correct (and he saw no reason to 
doubt their accuracy, as he believed they had been very cjvrefully com- 
piled) then he thought the causes of dissatisfaction amongst naval 
engineers were not far to seek. And he hoped the members of the 
Institution would at least i)ut on record their views, firstly, as to the 
sntlicicncy in hiuhIh r of responsible engineer ollicers carried in typical 
ships siu'li as those mentioned in the paper, and secondly, on the conditions 
under which these otlicers performed their duties. It seemed to him 
thai the second was of even more importance than the first, though it 
was diiliriilL to deeide as to the relative importance of the two. The 
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paper gave many instances of the humiliating conditions under which 
the naval engineer works. What could be more subversive of discipline 
than the system which held the engineer responsible, and yet denied to 
him the power of dealing out rewards and punishments amongst his own 
men, compelling him to go before an executive officer possibly many 
years his junior ? What could be more detrimental to efficient manage- 
ment, which was always willing and cheerful management, than the 
arrangement by which educated specialists might be tried, and 
possibly condemned, by a court martial composed entirely of deck 
officers, whose ignorance of engineering technicalities was profound ? 
Then again he would ask, " Was it the case that the engineer officer had to 
serve eleven years before he was eligible for the same rank and pay as the 
medical officer got at once? And if so, what could possibly be the 
jctetification for such a regulation ? Men responsible for the efficient 
maintenance of modern war vessel machinery were not mere engine 
drivers or mechanics. They were— or ought to be— educated experts, and 
as such they deserved treatment accorded to their class in civil life. And 
the fear was that unless they got such treatment the efficiency of the Navy 
would suffer, and suffer seriously. 

Mr. T. Westgarth said it appeared to him that the subject of the 
paper was of Imperial concern, and probably they were all Imperialists 
now. He thought it was sometimes overlooked that not only 
the engineers and other officers of the Navy were the servants 
of the country, but that the Admirals and the Lords of the 
Admiralty were also the country's servants. They were members 
of an honourable profession and they honourably fulfilled their duties ; 
but they were paid for it, and paid by all of us. Surely, if tlicy 
mismanaged the business the public had a right to object, and Mr. Morison 
had, in his opinion, done a public service to Great Britain in showing 
that great changes were necessary. Experience had taught us how great 
was the influence of public opinion upon state departments. Look 
what public opinion had done in the matter of the conduct of the present 
war. The war began badly and disastrously, and not till public opinion 
was heard through the Press did those who were in authority begin 
to conduct the war properly. That was an object lesson, and should 
support us in bringing pressure to bear upon those at the head of the 
Navy. Mr. Gearing said he thought it would not be diflicult to arrange 
for some reserve, lie (Mr. Westgarth) wished it were as easy as Mr. 
Gearing thought. No doubt it would be easy on | aper, but there was 
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no material ready. It was pointed out in the paper that in case of an 
emergency mercantile marine engineers could not be found, because they 
would not be suitable. That reflected no discredit upon the engineers of 
the mercantile marine —a splendid body of men —but those acquainted with 
naval work would understand that if a mercantile engineer were placed on 
board a warship, it would take not only weeks, but months before he 
would be able to take charge of a watch. He would be quite at sea in 
regard to the complications crowding about him, nor would he readily 
appreciate the discipline, the method and manner on board a warship. 
It was said that the engineering branch of the Navy was not popular. 
He did not wonder at that ; he did not think any of them would go into 
the Navy if they could avoid it. He was sure he would not after what had 
been heard that night. The regulation that naval engineers should not 
be able to communicate with the engineer-in-chief, except by reports to 
be re-written by the captain, was harsh and apparently unreasonable. 
Another real grievance was the unsatisfactory arrangement as to ranL 
Surely the claims of the engineers were as reasonable as those of the executive 
officers. Again, the arrangements as to minor punishments awarded to 
members of the engine-room staff were bad and certainly not calculated to 
uphold the authority of the engineers over their men ; they all knew 
if they did not give power to their foreman to set on and dismiss 
his men he had no authority at all, and if worth anything he 
would not accept such a position. Why should not the naval 
engineers have the same powers ? It was evident by their num- 
bers there tliat night that they believed the subject was worthy of 
consideration and discussion, and it Wius quite evident from the way 
they listened to the paper that they approved in the main with the views 
expressed by Mr. Morison. He begged of tliem whatever they did that 
night, not to let the whole thing evaporate in waste steam, but let them 
have some result from the excellent paper and large meeting. He thought 
Mr. Morison's suggestion that a committee should be formed was an excel- 
lent one, and he hoped the Council would receive it as a strong 
expression of the wish of this meeting that a committee be formed on 
the lines suggested by Mr Morison. 

Mr. F. T. Marshall thought they were all thoroughly agreed upon 
the extreme importance of the very comprehensive and interesting paper 
Mr. Morison had read to them. It dealt with a subject of the very 
highest national importance, and, as Englishmen, he thought they were 
all deeply interested. Mr. Morison had really put the case so very fully 
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on all the points connected with the naval engineers' position that there 
was very little else to say. It was, indeed, monstrous that engineers 
should be put in this very subordinate position. He had had consider- 
able experience of naval engineers, and it always seemed wonderful to 
him that they had the control over the engine-room complements which 
they had without other executive authority. If they had such authority 
he thought there would be little to be desired in the engine-room discip- 
line. 

With regard to the question of pay, it should be at least equal to that 
of the executive officers, and that the engineering branch of the service 
should be represented on the Board of the Admiralty, and also on courts 
martial, was, he thought, only a very reasonable request in face of the 
number and importance of the engine room personnel. 

With regard to the paper generally, and of the present 
efficiency of the engineering branch of the Navy, he thought Mr. Morison 
was a little pessimistic. In his comparison of numbers of engineers in 
H.M. ships and various liners, he seemed, in his opinion at all events, to 
have taken but little recognition of the staff of engine-room artificei-s, 
mentioned in another part of the paper as the backbone of the engine- 
room complement. All of them, if in the mercantile marine, would be 
classed as engineers, and most of them would be possessors of Board of 
Trade certificates. If they added the engine-room artificers to the com- 
missioned officers, then the number of mechanically trained men in the 
engine-room service became about equal in the liners and warships. No 
doubt, owing to the special conditions of the warships, there was an 
urgent necessity there for commissioned officers, and the present was not 
the only thing ; they had also to look to the future. Within a very few 
years their line of battle-ships had increased in natural draught power 
from the 10,000 I.H.P. of the " Majestic " class to 18,000 I.H.P. of the 
" Duncan " class; in cruisers, the last first-class cruisers with cylindrical 
boilers developed with natural draught 10,000 H.P. in the " Edgar " class, 
and this was being increased to the 21,000, 22,000 and 30,000 H.P. of the 
** Cressy," " Monmouth " and '* Drake " classes respectively. These later 
ships would require more officers than the ships they would replace, and it 
seemed to him there was a very urgent case for immediate action. AVith 
regard to the commissioned ranks, it was very difficult to see how it could 
be done, but he thought public opinion should be brought to bear upon the 
subject in some form. 

With regard to the question of reserve that Mr. Westgarth mentioned, 
he thought there was a certain class of men who might occupy this 
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positioii in a national emergeBOj, who would make at least very efficient 
artificers, that was the moohanics constantly employed in the fitting on 
board of warfihlp work. There were ten or twelve finna in the country 
oonatanfcly doing warship work ; large staffs, many of them with 1 00 
mechanics, not only craftsmen but fitt4.^d to take charge of the steaming 
of the machinery of all kinds of warships, from battleships to destroyers. 
These men would, he was sure, on an emergency be avaDable for the 
country's service* 

He thought they owed a great deal to Mr. Morison for the prominent 
way he had brought the whole matter forward^ and thought some definite 
action should certainly be taken. In what form it was not for him to 
say. A most interesting development had recently taken pkoe in the 
American Navy in this matter of engineer officers. He notioal 
Lieutenant Norton with them that night, of the U,S,N., and if he woald 
give them some information about the development which had recently 
ttiken place in the States he (Mr. Mai^sliall) thought it would he of great 
interest and service. 

Lieutenant H, P* Norton, U.S,N», invited by the Chaimmn, 
remarke<l that all he could say was that they had done exactly what wafl 
here being recommended. All the changes and improvements which Mr, 
Monson had so ably set forth had taken place in the American Navjj 
and at present they had nothing to ask for in that line. Thoy had gone 
so far as to combine the executive and engineering branches into one, and 
in their Navy an officer's pay depended upon his length of service, and 
not upon which branch of the service he belonged to. They all started 
with the same pay, and after a certain length of service the increment 
was the same. So the engineer-in-chief received the same pay as a rear- 
admiral if he had the same length of service. On courts martial, it had 
always been the regulation that the majority of the court should be com- 
posed of the same corps as the person to be tried, the president of the 
court depending upon the rank of the officers of the court, regardless of 
the corps they belonged to. They had made the change combining the 
engineers and the executive branch recently, and he could not say how it 
would work out, but they had great hopes that if pro])erly administered, 
and in the same s])irit in which the l;iw was ]>assed, that it would be all 
ri'^^ht. For seveial years a cadet, on entering the service, might not know 
whether he would bel()n<^' to the engineering or the executive branch : the 
education for botli was identical for the first three years. At the end of 
that time the assignment was made, and additional engineering studies 
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were given to the cadet for that branch, and the cadet for the executive 
branch was given additional technical studies to fit him for his duties, 
but both had the same foundation. At present the education and train- 
ing of all cadets were the same, and all officers now entering the service, and 
all officers now in the service up to the grade of lieutenant were assigned 
either to the engineering or executive branch, as the department might 
see fit. They might do part of their course in one branch and then 
change to the other ; and he had great hope that they had solved the 
difficulty. It seemed like old times to hear the speakers, for he had 
heard the same thing discussed twenty years ago in the United States. 

Mr. R. Hirst thought they were all very much indebted to Mr. 
Morison for having brought a subject of such national importance before 
the Institution. They had all been very proud of their Navy, but it was 
startling to find that there were so many weak links in the chain. 
Engineering was the mainspring of a warship, and the development of 
machinery with its increased intricacies was so rapid that unless prompt 
measures were taken to remove the many and evident weaknesses which 
Mr. Morison had pointed out it would be impossible to obtain from our 
warships their maximum values in attack or defence. The general 
public did not realise the dangers, so that a very grave responsi- 
bility rested with those in authority, and if they also did not 
understand or appreciate what engineering meant to naval success, then 
a discussion of the subject by this and other institutions would be of 
great value in that it would voice the opinions of engineers as a body, 
whose interests in this matter were not personal but national. Mr. 
Morison rightly characterised as " monstrous" the unfairness of engineers 
being placed " in lieu of " chiefs without the extra pay and privileges 
due to that position. If they were competent to discharge the additional 
duties and undertake the additional responsibilities they should enjoy the 
rank, pay and privileges appertaining thereto. Another injustice which 
had escaped mention was that an engineer officer on passing out of Keyham 
College went to sea for one year as a " probationary " assistant engineer, at 
the end of which he was confirmed in the rank of assistant engineer. His 
seniority did not date from his entry into the service but one year after- 
wards, or when he became assistant engineer. When a midshipman was 
promoted to " acting " sub.-lieutenant, and his rank consequently confirmed 
as sub.-lieutenant, his conmiission dated back, so that he counted seniority 
from the date he was first made " acting." Thus a midshipman might, 
and frequently did, pass over the head of an assistant engineer by a yearns 
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saoiority. Thu effect was fely in many ways by the engineers. For 
example should tliere be a cabin vacant a newly promoted ftub.-lieuteDant 
might b6 by this procesB semor to ao assiBiant engineer, and therefore 
I'lsiimed it, although the engineer might bare had his^ stripe a year longer. 
Tiie iinfairwess of thi& arrangement was obvious, bnt it was representative 
of the treatment to which engineer officers were subjected in H.M. Set vice 
and was one of the many canses of the intense dlsBatis faction which existed* 
and which must i"eact on the efficiency of the Navy, Hu was convinced 
that the only real solution of this ijnestion wa& that the engineering 
branch should be formed into a separate combatant cor]^ with thtj 
executive power and the titles that always go with it. This >vonld 
result In the engineers being re«^^arded as a branch of the present executive 
line. All the bickering and jealousy which now existed between the two 
great branches would thus be obviated, and as the engineering brnncli 
^^rew in nnmbci-s and importance this jealousy might and would increuae. 
Such a state of matters could not be to the advantage of the 6er\ ice. It 
Was deplorable that these branches of the Navy should be abusing each 
other through the pul^lic Press, and eootinnnlly pamphletiaing Metubi>ra 
of Parliament, but it was inevitable that this would go on if theenj^ineer 
otHoers were not treated in the matters of position and pay, and also 
given the I roper opportnnities to carry out their duties, m were the 
executive otlicerB of tlie Navy, The only ^vay to satisfy both parties 
would he to get tliem very largely from the game classes and make their 
interests common. All engineer oflBcers believed very generally that the 
Admiralty were trying to lessen the influence and undermine the 
importance of the professional engineer in the Navy, by the creation of 
an amateur engineering corps in the persons of the torpedo lieutenants, 
who, because they were connected with certain mechanical work and 
nursed by the engineer officer, deluded themselves, and many of their 
seniors, into the notion that they could in a large measure supplant the 
engineers. It would be a very bad day for the Navy and the country if 
this idea should ever be allowed to prevail. 

Mr. W. G. Spence wished to add his assent to the general feeling of 
the meeting, namely, that the subject was of sufficient importance for 
action to be taken. He sincerely trusted that the outcome of that 
meetini:- would be some form of action. Some of the points brovight 
foi\v;n(l by ^Ir. i\Iorisoii he could not criticise from personal 
knowledge : but it had I een a matter of common notoriety in engineering 
for years, that the number of engineers in the Royal Navy wfis 
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insuflBcient for active service and that there was not sufficient reserve 
available at short notice. Mr. Marshall in his remarks made a 
suggestion for quickly raising a reserve of artificers from among the 
fitters and chargemen constantly employed by engineering firms doing 
Admiralty work ; but without wishing to dissent altogether from that he 
would submit that one of the very first essentials of naval war, and one 
that this country claimed to have great advantages in, was the ability to 
rapidly repair or replace machinery damaged in action. If at the very 
outset • of the war they depleted their best firms of their specially 
trained staffs he was afraid they would seriously impair the force they 
had to look to for repairs. Above every thing he believed the rapid 
repair and renewal of parts was essential, quite as much so as the 
satisfactory manning of the machinery at sea. In the event of a war 
round our coasts he should expect one of the first results to be the 
hobbling in of "lame ducks" at our ports. With modern high 
explosives and rapid fire guns the destruction of material must be great, 
and unless they were in a position to rapidly effect repairs the result 
would be serious. Such excellent firms as Mr. Marshall represented 
would be wanted badly enough when the time came without crippling 
them at the start. Next, as to drawing upon the mercantile marine for 
an immediate supply of ready made engineers. He knew from 
experience that to deal satisfactorily with warship's machinery the 
ordinary mercantile marine engineer would require some months training, 
otherwise he would probably make a mess of it. To think of such 
vessels being sent to sea with staffs that might be expected to make a 
mess of it, was not a satisfactory prospect. The mercantile marine 
engineer could not be expected to do the work without special training, 
and therefore he thought they should have a specially trained reserve 
staff. No one could expect a ship in peace to carry a full war 
complement, but there should be some means taken to have ready a 
large reserve of men specially trained for the Royal Navy. It was not 
beyond the art of man to form a large available reserve of engineers. As 
to the relative position of engineers in the Navy, no reasonable man could 
say it was satisfactory. The doctor's case was at one time hard. 
Originally he believed they were only ranked as gun-room officers. It 
was only after medical colleges advised their students that the encourage- 
ment given in the Navy was not such as to warrant their entering it 
that the number of medical applicants fell off, with the result that the 
demand became greater than the supply and the conditions were altered 
to suit. The same thing might be done in engineering. If the 
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powers that be did not make it attractive the eiipply should he curtaiiledj 
but better than this would be that some committoa or body should bring 
advice, he did not say prGssure, u|k>ii those in authority to make the 
service gufficleutly attractive to bring forward the right class of men in 
sufficient numbers. He considered Mr- Morison was to be thanked 
for his clear, fearless statement of a re^l danger, aod his effort to secure 
justice for the members of an honourable and important body of public 
eervajats, 

Mr. G. W. SrvBWRiGHT said it muiit 1ms gratifying to Mr Moriaon 
to see BO large a urunljer of members present and the manner in whidi 
his paper had been diHCUssed. He tliought one of the spe-akers had 
taken a reasonable view of the paper when he stated that it would not 
l>e an easy matter to get the engineers that would be required to man 
tbt! ships efficiently in the case of a navid war. The Admiralty no 
doubt would expect to obtain a very Large number of engineers, stokers, 
<&c*, from the mercantile marine and the factories on shore, but there 
was a possibility if we were conducting a naval war with a first-clasa 
power that we would probably also h^ engaged in extensive war-like 
operations on laud, and from the example we have had of the number of 
transiJortB required to convey soldiers and stores to South Africa he was 
afraid that the assistance c3Epected from the mercantile marine could not 
be relied upon. In the ease of a naval war where the fleets were of 
equal size extensive repairs would be required to the ships, armament, 
machinery, etc., and it would take all the manufacturing power of this 
country to repair these quickly so that the vessels could be put into action 
again. When they considered the large amount of foodstuffs required 
to be imported daily into this country the drain upon the staff of the 
mercantile marine would seriously affect the nation in other directions, 
and, from a financial point, it would not do to cripple the trading w^ork 
of the country by depleting the mercantile marine of either engineers or 
sailors. He, for one, did not believe that it was the wish of the 
Government or Admiralty that either the ships should be undermanned 
or the men underpaid. The same trouble was being experienced all round 
just now in the Navy, and if anyone wished to fix any blame at all they 
shuiild l.lame the country itself. If it could be pointed out that the 
uaLiuu was sutlLTinji- iVom the undermaniiiiig of ships and the country 
was |.rt'[)arcd to jiay the extra amount of taxes it would cost to remedy 
this, he had not the slightest doul»t that the Admiralty would only be 
too ] (leased to do this. 
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Seeing the very large number of mechanical appliances that were 
now being used not only in warfare, but in connection with the trans- 
port service, he was of opinion that if any nation took the precaution to 
give all their fighting force an engineering training and kept it up to 
date, they would have a far better chance of carrying a big war to a 
successful issue. 

In further referring to Mr. Morison's paper there appeared to be 
other matters which could be put right that would not mean the 
expenditure of money, and he quite agreed with many of the speakers 
that this ought to be done immediately, and if the engineers were not 
paid higher wages they should at least have executive control over 
their own men and the same privileges as the deck oflBcere. 

He congratulated the Institution upon having such a paper put 
before the members for discussion, as it was quite right that the view of 
an important Institution like theirs should be brought to the notice of 
the public. 

The discussion was adjourned and the meeting dissolved. 
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appointed Mr. J. R. Fothergill and Mr. D. B. Morison to examine the 
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Wotherspoon, James Douglas, Engineer, 221, Linthorpe Road, Middles- 
brough. 
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Joicey, Edward James, Engineer, 30 Bewick Road, Gateshead. 
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trana- Atlantic boats on composition, he wished it were true. Most of 
their poor composition manufactnrei's would be milliouaireB if it were so. 
If the sum of £200 to £260 were substituted it wouM be more i& 
conformity with facts. Now, coming to the tbeorj of preirentiou of 
fouling, the author divided this under three iieada. First, the mechanical 
or exfoliating theory. He believed he could iafely say that this theory 
only eiisted as a theorj^, but no auccessful method of preventing fouling 
was based on this theory. The chemical theory, or dissolving tbeorj, 
should, be thought, be merged with the third theory of the bioloy:ical or 
poiBoning theory, because without dissolving, or mora correctly speaking, 
without disintegration, the poisoning theory could not edst. In this 
connection he should mention, in order to avoid miaappreheueioD, that bj 
poisoning he meant poisoning by contact, and not poisoning through the 
stomach. The animals did not try to cat the paint and get poisoned in 
the process. In order to understand the principles which should be 
borne in mind m trying to avoid fouling, it was advisable to see in wh&t 
form animal life attached itself, and in the consideration of this matter 
be would confine Ids remarks to the shells, or to give them their correct 
Z0':>logica] name, (Urripedia, The young Oirripedia were eject-ed from 
the panantal sack, according to Darwin, who wafi their fii'sfc authority on 
this subject, oe living larvffi. These larvi^ underwent besides small 
changes, three important clianges before they dcvelo^Msd into the complete 
Cirri i>edia. Before assuming their third or final form they were pupfD. 
Wlien leaving the pupae, the young Cirripedia must either find a rock, a 
ship's bottom, or some other place to attach itself to or it must die. It 
was only in this stage that they had to deal with the animal, as in its 
other stages it did not require attachment. Now, the method of attach- 
ment was the following :— On the anterior end of the bead a sort of soft 
cement was formed proceeding from a modified i)ortion of the ovaria. 
This cement coming from the ovaria must, of course, be albuminous in 
character. According to his theory, the tlieory of poisoning, be coated 
the ship's bottom with a composition containing poisons which were 
acted upon by sea water, and in conjunction with the salt and oxygen 
contained in sea water formed a fresh poisonous salt or chloride, if they 
used iiicrcni-y, a chloride of mercury, and if copper, an oxy chloride of 
ro|)|)fr : and it was this new poison, created hy tlie action of sea water, 
wliich was to prevent tjio attacliinont of animal life. Put any albuminous 
Fnlt^tance into chloride of mercury or chloride of copper and it would at 
once coiiLnilate. When the yonnir Cirripedia wanted to attach them- 
i-elves they must come into the poisonous film with which the submerged 
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portion of the vessel painted with an anti-foul ing composition was 

surrounded. The poison coagulated the albuminous cement, and the 

animal could not attach itself and died. This process was identical 

with that taking place on a vessel copper-sheathed or sheathed with 

metal. The sea water acted on the copper and produced oxy-chloride of 

copper, and this oxy-chloride solidified the cement through which the 

animal sought attachment, and the animal died. Copper might be 

exfoliating in the way it corrode or wore away. It was not, however, 

effective as a anti-fouler through exfoliation, but through the constant 

formation of oxy-chloride of copper by the action of sea water. No anti- 

fouling composition existed based on the theory of exfoliation, and it could 

not exist, because Oirripedia, once getting a hold on a ship's bottom, 

grow very rapidly, and in doing so penetrate with their base through the 

paint and find attachment to the metal surface, as could be seen any day 

when a vessel foul with shells was in dry dock being cleaned. If the 

theory of exfoliation were a tenable one, animal life would have to find 

attachment to the paint only, and not penetrate and get to the true 

surface of the metal, and the shell would fall off when killed in fresh 

water, which, however, was not the case. Zinc also acted in a similar 

manner to copper. When exposed to the action of sea water, it formed 

also an antiseptic salt destructive to low animal life. No doubt when 

people spoke about exfoliation they meant disintegration, or, as the 

author called it, the chemical or dissolving theory, and which, as he had 

already stated, was a necessary predecessor to his theory, or the poisoning 

theory. He believed Sir Humphry Davy, Mr. Van Meerten, Sir W. 

White, and others were not so much at variance with his theory as might 

at first appear. If they read the quotation by Sir Humphry Davy, and 

if he were to only alter a few words of it, it would be in complete 

harmony with his own views. The sentence reads :— 

" The exfoliation of copper is the formation of a slightly soluble oxy-chloride 
of copper. Barnacles cannot therefore adhere firmly to the metallic copper, for 
between their scales and the metallic copper the oxy-chloride is continually 
formed by the presence of ordinary salt and oxygen contained in the sea water, 
and through its solubility it is washed away." Read it instead, ** The disinte- 
gration (which may be exfoliating in its character) of copper is the consequence 
of the formation of a slightly soluble oxy-chloride of copper. Barnacles 
therefore cannot adhere (firmly) to the metallic copper, for between them (their 
scales) and the metallic copper the oxy-chloride is continually formed by the 
presence of ordinary salt and oxygen contained in sea water, and through its 
solubility it (the animal) is prevented from attaching itself (it is washed away)." 

If they read or interpreted the quotation in this way, he agreed entirely 
with Sir Humphry Davy ; and considering the state of the animal in 
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which it required fco find afctachmentj and coueidering the mode in whi€li 
attachment muBt take place, he left it to the meeting wluch waa the 
more probable theory, Bnt now, leaving theory and coming to practice, 
he maintained that e?ery anti-fonling composition of the present day 
worthy of that name was baaed on bis theory. They all, be conld not 
Bay whether knowingly or not, were made bo as to allow the poisons to be 
gradually disintegrated or dffisoked by the sea water^ and to form the 
oxy-chloride of copper, if copper was the poison i*clied upon, or the 
chloride of mercury if quicksilver was relied upon, or any other chloride 
combination between sea water and other metallic salts which uiight be 
employed. Theuj again, the hundreds of experimeute lus Company had 
made proved thai all metallic m\{M capable of entering into a chloride 
combination with the salts and oxygen in eea water were to the same 
eitent, some more and some less, anti-fonling in their effect. !Nfake a 
different chemical compound, which was quite m poiBonous, or more eo, 
oiit of the same metal, but which was not capable of forming into a 
chloride combination when acted upon by sea water, and they had no 
anti-fouling effect at all, Digintegration or dissolving was not effective 
in itself, which he conld also prove by another set of eKpeTimcnts. He 
had tried different paints containing different metallic salts in different 
quantities, and hod also tried paints without these metallic sfilts. In aU 
cases was the action of the sea water on the paints identical, and the 
disintegration a uniform one* Those paints which contained the metallic 
salts up to certain percentages gave the best results, while those which 
contained only small percentages of metallic salts showed some anti- 
fouling properties, while those in which these salts were absent showed no 
resistance whatever to fouling. For obvious reasons he could not 
particularise these experiments. 

The discussion was closed, and reply postponed. 
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ADJOURNED DISCUSSION ON MR. D. B. MORISON'S PAPER 
ON "THE BRITISH NAVAL ENGINEER." 

Sir Tho.s. Richardson, B.A., M.P., J.P., resumed the discussion 
on Mr. Morison*s paper. He said that he was very glad to have an 
opportunity of expressing his views on the momentous question which 
formed the subject of Mr. Morison's able and vduable paper. He 
was of opinion that the paper was moderate in tone and free from 
ex^geration ; and although accurate and exhaustive in its treatment of 
a complex subject, it possessed the great merit of being perfectly 
intelligible to the educated lay public, no member of which could read 
and digest Mr. Morison's paper without becoming convinced that our 
naval engineers laboured under very serious disabilities which were 
detrimental to the efficiency of the service. It might be censoriously 
urged that, although a Member of Parliament and an engineer, he had 
not done anything to rectify the existing evils. Parliament and 
Parliamentary life, however, were not exactly what the public pictured 
them to be. Entry into Parliament was followed by many painful 
disillusions, and one's preconceived ideas on various features of repre- 
sentative government were forced to undergo considerable modification. 
He had not long enjoyed parliamentary honours before he realized that 
the engineers who found their way into the House were in so 
insignificant a minority, that they were practically powerless to influence 
government policy, even on matters of purely engineering import and 
interest, and he felt sure that his friend. Sir Theodore Doxford, would 
bear him out in this. Of course the engineer members enjoyed the right 
to address pointed questions to the occupants of the ministerial 
benches, and when a discussion arose they might find an opportunity to 
express their views. These privileges granted to the representatives of 
the people were, however, of a value which was more apparent than real, 
so far as the achievement of practical results was concerned. Ministers 
were trained experts in the art of replying to questions without 
answering the enquiries, and he had observed that they always expended 
a great deal of the available time on very trivial points, whilst the 
points of essential importance were very superficially dealt with. In 
assessing the practical value of the right to address the House, it should 
be remembered that the only effective political force was a numerical 
majority. Quite apart from the national importance of a subject, the 
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merits of a particular case, or the couvLnciDgne^e of mi argument, the 
creation of a conc^nsua of expressed opinion on any qneation was 
dependent upon a multiplicity of complex forces which could rarely be 
controlled or directed othenFisc than by a recognised party leader. He 
believed that it waji only by edncuting the pubhc mind that those io 
authority could bo induced to eliminate the aoriouB elements of 
inefficiency which Mr, M orison had shown to exiat in the Navy- Thej 
ft-ere told that the Admiralty could get plenty of engineers, but he 
doubted the accuracy of such Btatements. Tn time of peace, by over- 
working the engineers and taking numerous unwarrantable and highly 
dongcroas risks, it might be made to appear that there was a sufficiency 
of engineers, but the qneation was how would things work out in time 
of war, when ships would have something more to do than to make slow 
voyages to and from foreign stations, or participate in manoeuvres for a 
few days at a time ? It might be possible that Mr. Morison's paper, 
placing the matter aa it did, clearly before the public, did not meet 
with approval in all (inarters ; personal interest, business policy and 
other considerations were bound to-inl^uence the actions of many men 
in a matter of this kind, and many of those who did not actively oppose 
the cause of reform refrained from supporting it even though they were 
perfectly convinced as to the etistenoe of the evils. The particular 
question with which they were now dealing was, however, of such 
national importance, that all personal considerations should be put aside, 
and the whole subject should be treated fearlessly, and in strict accord- 
ance with the ascertained facts. He thought it a very unfortunate 
thing for this country that the advancement and encouragement of the 
naval engineer should have been wilfully retarded by service jealoui^ies, 
and by a spirit of conservatism, which bad apparently failed to realise 
the fact that an entirely new position had been created by the 
marvellous growth of engineering in the Navy. It may be that at one 
time a mere engine driver was competent to take charge of the simple 
machinery on board Her Majesty's ships, but the conditions existing 
to-day demanded a very different class of men to successfully fulfil the 
onerous duties of an engineer officer. In fact the engineer officers of 
to-day were iiect'ssarily the intellectual and physical equals of the officers 
of the I'xccutive branch, whilst a knowledge of their profession was 
more ditlicult to acciuire, and their duties were more onerous and 
(laiiu'trous to fulfil. In spite of these facts they were placed in a 
himiiliaiiii'^^ position of inferiority, which deprived them of the powers 
ri't|uir«j(l to enable them to exercise effective control over their own 
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men. The well-known disabilities of naval engineer officers undoubtedly 
acted as a serious deterrent to enlistment into their ranks, and until the 
evils, so lucidly described in Mr. Morison's paper, were rectified, the 
best and most desirable classes of young men would decline to enter 
the engineering branch of the Navy, whilst those who were already in 
the service would continue to be discontented and disheartened, instead 
of being contented and enthusiastic. This was a most dangerous state 
of aflPairs, as it decreased, to an alarming extent, the efficiency of the 
engineering department, and should at all costs be altered. As an 
example of the manner in which these questions were dealt with in 
Parliament, he might state that during the present Session Mr. 
Macartney in his reply said that on enquiry among the naval 
engineers, it was found that they did not want executive rank. This 
was a most misleading statement ; it was quite true that the engineers 
did not want executive rank in the line of command^ but what they did 
want was executive power in their own department over their own men. 
It was not difficult, he thought, to show that many of the answers 
given in Parliament were incorrect, but it was not so easy to refute 
the replies, on the spur of the moment, and without reference to 
documents. In connection with engine-room artificers, he would now 
relate an incident which occurred at his own works. Two naval 
engineers visited the works about two years ago, and asked if they could 
provide them with six young intelligent journeymen to become artificers. 
Mr. Morison saw the engineers, and gave them his personal assistance 
by ordering notices to be posted up in the works. He waited some 
time, but there was no result ; he then decided to interview some of the 
most likely young journeymen, and upon doing so, the reply he received 
was that they had no intention of volunteering, for the reason, as they 
put it, that " if Naval Engineers were so badly treated, what chance 
had the Artificers ?" Some time after that Mr. Wawn, as they knew, 
was appointed to that district as recruiting officer for naval artificei-s, 
and he wrote to Mr. Morison, who passed the matter over to the works 
manager, thinking that, as he came into closer contact with the men, he 
might be better able to achieve some results. In this he was dis- 
appointed, however, for (as in the previous case) there were no 
applicants forthcoming. A few months ago he happened to be sitting 
in the office, when a young man sent in and asked if he could see Mr. 
Morison. He (Sir Thomas) enquired what he wanted, and it appeared 
that he was applying for a certificate of good character, as he was going 
to become, as he called it, an '* arcifiter." He subsequently enquired 
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what this man's employment had beeu in the works, and discovered that 
he hftd been working as a striker lq the blacksmithe' shop. He put it 
to them as engineers whether that man was ever likely to h^ of oae as 
an artiiioer in Her Majesty's Navy ? He understood that his ex - 
periencea in this directioD were only typical of those of many other 
employers, and he thought it would give the meeting some idea as to 
the difficnlty which the authoritieij were experiencing in obtaining 
engine-room artificers for tlie Navy, He held that the inducement to 
men to join Her Majesty's Navy ob either Daval engineer officers or as 
artificers should be such that there would be eager competition for the 
appoinfcmentSj instead of as at present, reluctance if not aversion. 
When they considered the enormous sums of money spent on their 
Navy, which he thought they wonld all agree with him was the finest 
in the world, surely it was of the prreatest importance to have the best 
enginetrs which this great engineering country could provide, to take 
chiirge of the all important machinery on our ships of war He firmly 
believed that unless sweeping reforms were caixied out, a naval war 
must result in serious disastei*s, which would he rendered the more 
lamentable by the knowledge that they conltl, to a gi^eat extent have 
been avoided by the exercise of prudence aud foresight. He agreed 
with Mr. Morison that it would be far better to increase the efficiency 
of our existing ships, rather than to continue to increase their mere 
numbers and paper values. The physical endurance of a man was 
limited, and if the staff of officers were such that early physical collapse 
of the chief engineer officers occurred, the result must be that the paper 
speeds of the ships could not be obtained, and there might be a parallel 
to the disaster which overtook some of the Spanish war ships so 
tellingly instanced by Admiral Melville. He was very glad to see that 
the matter was not to be allowed to drop so far as that institution was 
concerned ; he was very pleased to note that certain resolutions were to 
be proposed, and that he was to have a position on the committee. He 
could only hope that other institutions would take the matter up and 
join with them in their advocacy of reform, for he believed that if the 
kindred institutions voiced their opinions fearlessly and in unmistakable 
hmirnaL'-e, the Admiralty would see the necessity for giving the whole 
(jnestion of the engineering personnel their very serious and prompt 
attention. They all sincerely hoped that th(^ country would have the 
L^ood fortune to see the recjuisite reforms carried into execution before 
ijecnniinu' involved in a naval war. A naval war would immediately 
rfvi'iii our true weakness, hut it wonid he then too late to profit by the 
knowledge thus gained. 
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Mr. J. R. FoTHERGiLL, VicG- President, said he wished first to thank 
Mr. M orison for his very able and most important paper, and express 
his admiration for the courage and determination he had shown in 
ventilating a subject of such serious interest. He was deserving of 
the highest praise for the way in which he had made public such 
anomalies as existed in the engineering department of the Navy. 
Although Mr. Morison held an important position at one of the large 
engineering establishments in the country, he had no axe to grind, and 
deserved credit for the unbiassed way in which he had placed his views 
before the Institution. The paper was not merely a plea for consideration 
of the engineers, although that of course was a primary point, but 
the whole question was one of national importance. It was of national 
importance that they should see their battleships were not undermanned, 
and that as fighting machines in which, if mobility was to be an essential 
feature, the highest efficiency and complete staffing of the engine- 
room became an absolute necessity. It was very proper to bring this ' 
subject before the Institution as he thought there could be no doubt the 
expressed opinions of the members, many of whom were thoroughly 
recognised marine engineers, would influence public opinion and carry 
weight with the authorities. He must confess personally that when he 
first read Mr. Morison 's paper, although he understood there was some 
dissatisfaction amongst naval engineers as to the anomalies that existed, 
yet he had no conception there existed a state of afluirs so deplorable as 
that set forth in the paper. The country spent millions over ironclads, and 
no doubt all that was possible was done to perfect the machinery to 
the highest state of efficiency, and yet this being done, the engine-room 
staff was depleted, due to the fact that engineers could not be got to 
enter the Navy owing to their request for reasonable and proper recogni- 
tion being persistently refused. What was a modern ship of war ? A box 
of the most complicated and intricate machinery. Pow was it possible 
to keep such machinery in a high state of efficiency unless the euLdneering 
staff was highly efficient, and there was a full and complete complement ? 
Mr. Morison in his paper, page 213, gave a very complete detailed de- 
feciiption of the machinery of a modern warship, and on page 188, would 
be found the duties and responsibilities which the engineer was required 
to undertake. It must be patent to every man who had any knowledge of 
such responsibilities that it was only highly educated and thoroughly 
trained men who were capable of undertaking them, and that the duties 
required necessitated a very full and complete complement. It had been 
said that in case of an emergency patriotism would supply the deficiency. 
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Ko doubt men would be found to offer their services^ but they would 
certainly lie » very dLflierent class to the highly educated and trained 
engineer of the Navy, and it certainly would tuke some considerable time 
before they could he placed in responsibility. It was aH very well to 
point out the numbers who had volunteered as soldiers for South Africa, 
tut it was a totally different thing producing a naval engineer to making a 
soldier out of a volunteer. They might consider the question from anotlier 
aapect, a commercial aspect. Although the man-of-war wm a fighting 
machine yet as to its machinery eflieiency it was interesting to compare 
the conditions with those commercially ran st-camers of the mercantile 
marine in the Royal Mai] Service. Compare the engine-room staffing of 
theCuHard Liner " Lucania '' with that of H.M,S. ''Terrible;* (pagm 
189 and 190 of the paper). Ownera of mercantile steamers did not carry, 
out of philanthropy or for any other reason, one man more than exjieri- 
ence had proved commercially neccasary to do the work eflfiaiently, and 
^ althoagh in the " Liicania " there were no gnn-moixn tings, torpedoes with 
their carriages, submerged tubes and gear and air compressing machinery^, 
hydraulic pumpin^r and other engines for loading and working the guns, 
for supplying ammunition, and lor turning turrets, barbettes, pUtformSj 
&c., &c., yet the engineerijjg staff in the " Lncania " considerably exceeded 
that of the '' Terrible/' Although artificers were carried in warships yet 
they certainly could not be considered on an equality with the asaietant 
engineers in the mail service, nor yet did they come within the scope of 
" The Duties and Responsibilities of the Naval Engineer," as given in 
the Queen's regulations, whereas the majority of the engineers in the 
'* Lucania " held Board of Trade Certificates. The war in South Africa 
had offered a great opportunity to test the absolute efficiency particularly 
of the cruiser class. If some of these vessels had been sent with all 
speed with troops to the Cape, the Admiralty would have obtained a most 
beneficial practical experience, and one could not help but feel the question 
of the engine-room staff would have been solved, besides proving how far 
sucli vessels were qualified to act in case of emergency, such actual 
experience would have been of infinite greater advantage than any com- 
mittee a])poiiitL'd by the x\dmiralty, particularly such a committee as 
refc'iTcd to ])y Sir Fortoscue Flaiinery in his letter. AVhy could they not 
follow tlu' very satisfactory and beneticial results which America had 
])i()iiiiilL';itc(l. instead of secret committees, by which the public naturally 
iiifciird tlnic was a soiuetjiiiig which dai'e not Ije disclosed. He was at 
a i(»s to iiinlci'staiul wjio was I'eally to blame, and wherein was the 
ol)j('<iioii and dillieulty which ])ersisLently kej)t tlie engineer in the back- 



DISCUSSION— THE BRITISH NAVAL ENGINEER. 261 

ground so detrimental to the best interest of the Navy. It seemed 
incredible that admirals and captains who were highly educated and able 
men could feel happy and comfortable in their ships knowing as they 
must know that the mobility and efficiency of the ships under their 
command, so absolutely dependent on their machinery, were altogether 
unreliable, due to an undermanned and overworked engine-room stafiP, or 
else they must be incredibly ignorant of the state of affairs. Since the 
paper was written he had taken the opportunity to communicate with 
friends who did know what was going on and he would read to the 
meeting the following communications which he had received and which 
he vouched for as absolutely true : — 

1. — More than £12,000 is allowed annually as Good Service and 
Naval Pensions to officers of the Executive and Medical branches 
R.N., and of the Royal Marines. No engineer officers are in receipt 
of Good Service or Naval Pensions. 

2. — During the Naval Manoeuvres of last year, in H.M.S. 
" Argonaut " 1st class cruiser, it was found necessary in order that 
the ship should keep to sea at the speed required of her, to transfer 
no fewer than 144 men to the chief engineer's department from 
other parts of the ship. Would, or could this be done in time of 
war ?* 

3.— On the Contractors' trials of H.M.S. " Goliath," the number 
of naval stokers appropriated to the ship was 261, her full comple- 
ment of stokers when in commission is 108.* 

4.— Over 100 (106 per official Navy List of April, 1900) 

* Editob's Note.— As some members after the meeting expressed the opinion 
that the numbers of men referred to particularly in paragraphs 2 and 3 were 
incredibly larze, Mr. Fothergill has since made additional enquiries, with the 
following results : — 

Paragraph 2. The number 144 is perfectly correct (48 in each watch). These 
men were necessary for trimming purposes. 

Paragraphs. The ordinary sea complement of H.M.S. "Goliath" is :— 
12 Engine-room Artificers. 
6 Chief Stokers. 
16 Leading Stokers. 
108 Stokers and Trimmers. 

142 Total. 
Whereas the number of men appropriated on the contractor's trials were as 
follows : — 

18 Engine-room Artificers. 
16 Chief Stokers. 
25 Leading Stokers. 
202 Stokers and Trimmers. 

261 Total. 
An increase of 46 per cent, required when working at full power. 
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engineer officers of tlie rank of engineer are filliiig poets ** in lieu of 
a chief engineer " (in destrajers chiefly) ^ and of these more than 
half are of rank senior to their respective commanding officers, 

5.— Article 067 Queen's Regulations and Admiralty Instructions 
statea ; — " The engineer officer is to ha\ e charge of and he re* 
sponsible for the maintenance in a state of working order, ai^d, so 
far as may be, of readiness for immediate usej of Whitehead 
Toi-pecloes and Submerged Tubes and Gear/' 

Althongb the engineer officer is responsible for the delicate and 
intricate mechanism of all torpedoes, execute all repairs to thini, 
charges them and adjusts them before miming, also is in charge of 
the only intricate part of the Electric Lightijig arraugements (the 
Engines and Dynamos), he receives no extra allowance for soch 
duties ; the so-called Torpedo lieutenant receives in many caiies as 
much afl 8fl» Cd* per diem, for his respoofiibilities with regasxi to the 
very amall remaining work required to be done. 

fv.— The following case is cited In an itrticle appearing in the 
current number of IQth Century, by Mr. H. W, Wilson : — '* Are we 
misled about the Navy ? " The facts are familiar. The 
''Proserpine" a vessel (cruiser) of 5,000 N.D., and 7,000 forced 
draught, horse -power j was sent out to the West I u dies with two 
engineer officers and six engine-room artilicers, lute in 181J8. As a 
logical oouBequence she broke down, and the junior of her engineers 
and an artificer had to be invalided home from worry and exhaustion. 
" One engineer and one artificer," continues the article, " may 
matter little in peace, but what if war comes ? " 

7. — When an engineer officer is specially promoted for meritor- 
ious services, he is promoted to the detriment of the officers who 
precede him on the list from which he is advanced, these officei*s' 
promotion being tliere])y delayed. To remedy this evil the promoted 
officer should be additional on the list to wliich he is advanced until 
such time as he would, in the ojclinary course of events, have been 
promoted. 

8. — Queen's Eegulations (Articles 11 HO, llGl) allow of medical 
otHcers coniinunicating with their liead of departnient direct, the 
(•:i|itaiii l)ein,u' allowed to merely ci>iiunni( on their letters. The 
conlidi'iitial oi'ders of at least one port ( rortsnionth) (dannary /l>i% 
^imictl hy the Earl of Clanwilliani, then eomninnder-in-chiefj, lay 
down (he princijtlf that tlie captain is himself to wi'ite all letters 
dealing with technical matter.-, ai.d is not to forward them in the 
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form of a letter from his engineer officer to himself with his own 
comments appended. While therefore the engineer officer may be 
robbed of any credit which the letter may call forth, he is necessarily 
saddled, on the other hand, with any blame which may be attached 
to it. 

A case occurred in the Mediterranean (in H.M.8. " Banshee ") 
where a letter written by the engineer officer reporting corrosion in 
his boilers was re- written by the lieutenant in command and put in 
such a form that a court of enquiry was ordered. The result of the 
enquiry was that the engineer officer had a le.ter of thanks from the 
Admiralty, but one cannot always be sure of things turning out 
so well. 

9. — Nothing had proved more conclusively that a change of 
some magnitude was necessary, than an enquiry ordered by the 
Admiralty, and held in February last at the three Depots. 

For the last three years over two thousand stokera had deserted 
from the ports, and the evidence obtained from men of each rating 
namely, chief stokers, leading stokers, stokers, etc., clearly proved 
that with proper care and interest on the part of officers who are at 
present responsible for the comforts of the men, such a serious 
state of things might have been avoided. 

This strongly points to the necessity of engineer officers having 
executive rank. 

Time was too limited to comment on the communications which he 
had just read, but they showed a condition of things intolerable. In 
conclusion he was glad to see the resolutions which the President was to 
bring forward at the next meeting, and he hoped other institutions 
would seriously take up the discussion, and thus by united action bring 
pressure to bear on those in authority. The matter was no trivial 
matter. As he had before said it was a matter of national import- 
ance. Was the country for ihe sake of antiquated prejudice to allow 
the Navy to drift into a state of absolute inefficiency until our boasted 
supremacy was by the exigencies 6f war shown to be a delusion ? 
Engineers must be had, and executive rank given, and the sooner this 
was done the better. 

Mr. W. Mace said the paper read by Mr. Morison was one dealing 
with a subject to which he had evidently devoted much thought and 
preparation. He had exposed to the members of this Institution the 
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most unBatisfactory state of conditions under which the engineer officer 
of the Rojal l^nvj lalmnra* These officers were the back- bone of the 
British Navy, and why they should not have a standing equal to that of 
any other naval officials was a question demanding reform. He hoped 
Mr. Mori eon *a paper would therefoi'e have some beneficial effect. An 
engineer officer in the Hoyal Navy had not tbe power to punish u 
refractory stoker for insuhordination» but must re|K>rt him to Ids 
captain, who used bis own discretion as to pmiishmeut, nnd therefor^e 
weakened the authority of the engineer in the eyes of tbe stoker, as woa 
explained by Mr. Morison. Again, when a R-N, engineer was court 
martialled he was not rejireBented on the Hoard at all, yet when a 
merchant service eng^eer was tried for neglect of duty the Board of 
Trade appointed engineer assessors. The pay of a naval enginet^r waa 
intuleqaate in view of the Btiff examinations he had to go through. 
Mr. W* Allan, the honorable member for Gateshead, had been ventilating 
tliia snbject in the House, and great credit waa due to him for the 
stand he had made. Let them support him, by Parliamentary vote 
and Influence, and may he long be spared to continue his j^ood work. 
Let this be the thin edge of the wedge, and let theui unite and drive 
it in to its full extent, as by so doing they would no doubt not only 
remove the great weakness in the British Navy, but by pointing out 
the certain dangers ahead they would be ful filling a duty to their 
country. 



Mr. Alexander Dalrymple, of Liverpool, (by invitation) said 
that he had obtained the following interesting particulars of two 
examples illustrative of the relative positions and pay of engineers and 
doctors in the Navy. In each example there were two brothers who 
wished to become engineers, and in each example one brother failing in 
his examination as an engineer subsequently entered the service as a 
doctor. 

Example No. I. 



D.itc of joining the Service .. 
l\.ite of ])ay on joining 



Engineer. 

Lst July KS84 
G - per (lay ... 



Doctor. 



Feb. 1887. 
1 16 per day. 



AxtruL'e pay of the two brothers 

fK.ni (late of joining to I '9 '95 . 1*152 



£2^1. 
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The engineer served eleven years before he attained the same rank 
and pay as that obtained by his brother, the doctor, when he first 
entered the service. 

The elder brother is now a chief engineer on 14s. a day =£253 per 
year. 

The younger brother is now a staff surgeon on £1 a day=£365 per 
year. 

Example No. II. 





Engineer. 


Doctor. 


Date of joining the Service 


July, 1888 


Feb., 1891. 


Rate of pay on joining 


6/- per day 


11/6 per day. 


Average pay of the two brothers 
from date of joining to 1 9/'95 . . 


£153 


£228. 



The engineer served eleven years before he attained the same rank 
and pay as that obtained by his brother, the doctor, when he first 
entered the service. 

The elder brother is now an engineer on lis. per day =£201 per 
year. 

The younger brother is now a surgeon on 15s. 6d. per (lay=£283 
per year. 

The above cases are favourable, because owing to a change in the 
regulations these oflBcers spent one year less in the rank of assistant 
engineer than is now the case, otherwise the years of service before 
reaching lis. per day would have been 12 years, and llf years 
respectively. 

Under the concessions shadowed in Mr. Goschen's speech on the 
Naval Estimates the engineer would reach the doctor's rank six years 
earlier than shown in the statement, but the question of pay is 
altered to a very trifling extent. 

Under present regulations an engineer takes 11 years to reach lis. 
per day, and 14 years to reach 12b. a day ; making an average of lis. 6d. 
per day, at which rate a doctor starts. 

Under prospective regulations an engineer will take 9 years to reach 
lis. a day, and 13 years to reach 128. a day, or an average of 11 years 
for an average of 1 Is. 6d. a day. 

The above years of service are only under the best conditions, viz. : — 
when the engineer takes a first-class certificate from college ; should he 
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take a Becond or third class certificate the length of service ie increafitd 
fiijE moflthfe and one yeiir respectivelj, 

Mr. Morisoiif although drawing attention to the danger b arising from 
the evident disabilitieB of the naval engmeers had not set forth his views 
as to bow the present anomaloni position of the engineers could be 
positively and promptly rectified, but had included in Appendix C a 
moderate and comprehenaiTe scheme drawn up by the engineers them- 
selvea. It had often heen put forward by the enemies of the engineers 
and of reform, that the engineers' object was to command the ship, Such 
a wilful Jissertion of what i& known to be absolutely untrue can l>e&t be 
ane^vered by the following extract from a pamphlet entitled, Naval 
Eatjim&rs and the Effieietwy ufihe Navij : — 

It hafl for i39Aay y^ri been ah M^oept^d prmelplo in the BntiAh Navy^ 
<irigmu.lly arrived &t afU.^r car«fiil inveatigatioD, tliat it i& * ^ iindoubtedl j 
desinwble that offic^ra should be liigblj educaLted to |iiirfomi the duties of tiav^»l 
engiueerfl, and hold tlie rank of coramlaBionod offitjera/"* thttt is to euy, that the 
most Eatisfivctoiy way of dealing with the engineering de]>artment Ib to ha.ve 
just aufficient highly- trained commissioned engineer ofbter^ for tbe purpose of 
etfeetually supervlBing the skilled labour of the working me^hiyiic^. This 
principle applies with tremendoug force to tbe eomlitions prevailing with regard 
to the mighty stcamahipa of our present ^ and future, war navies^ and the 
engineer olficera of the present day are absolutely satisfied that the desired end 
can only be attained by placing the yonnger offietitB in chaj'ge of, and making 
tbeui re sponsible for, all tbe diiferent phaj^ei^ of naval engineering, including the 
actoal keeping of watch in the engine-room* 

A reference to the extract from the Queen *s Eegulations for tbe Royal 
Navy will show that practically the whole of the machinery of our ships- 
of-wnr "museums of mechanical engineering" and "fiendish complications," 
Mr. (loschen has recently called tliem — from the main engines and boilers, now 
ranging from 30,000 horse-power in cruisers and 10,000 horse-power in torpedo- 
boat destroyers to the delicate macliinery of the locomotive torpedo, is now, as it 
could only possibly be, in the hands of the thoroughly trained professional 
engineer ; who, it will be seen, is there held solely resj)onsible for its " maintenance 
in a state of ethcient working order and readiness for immediate use." Any 
attempt to place this heterogeneous and intricate machinery in the hands of 
others, with only a superficial and imperfect training, must inevitably end in 
disaster, and if admirals and captains desire to sleep in comfort and security they 
will not permit of any tampering with tiie present arrangements in this respect. 
The executive otHcer in the British Navy possesses but the merest smattering of 
cii^^nneeriiig knowledge, and this, too, almost entirely of a rudimentary and book- 
work nature. The instruction in the e niattei's by an engineer officer of the same 
-lii]) hciii.: inviiri.ibly regarded by tic young executives as an insnfTerable nuisance. 
All Mi<l<av(>nr is iji<lee«l made, at the Naval College, (ireenwich, to further 
iii~tiii(t them ill these subieels, but as they are entirely without subsequent 
jii.i.ihr. liiih' is gained th( re]»y. '1 he elect rieal motors recently introduced into 
l!r \,i\\. Ill . . iiiic. t inn with wdik of minor im])ortance, ha\e been placed in 

<,>u.'t«.l ti<mi th«' Ivepoii of .Adiinral t ooper Key's t'oMimittee in 1897. 
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the charge of execative officers, but it must remain matter for grave doubt 
whether these officers, unskilled as they are in the use of machines, will be 
thoroughly able to deal with them. It appears to be only too apparent that as 
these motors become worn, or disabled, the assistance of the professional engineer 
will be needed to make good the necessary repairs. A very select few of the 
executive officers have, no doubt, developed clever, but crude, engineering ideas, 
and would possibly have made superlative engineers had they received the 
thorough professional training which is, in these days, an imperative necessity. * 

It will be seen then that at the present time the Royal Navy is not prepared 
for a change of such a nature els has been made in the U.S. Navy, but the engineer 
officers of the former service, having given to this subject mature and thorough 
consideration, have evolved certain proposals for an improved organization of 
their branch (see Appendix C), which, from their extensive and collective 
experience, they are satisfied will improve the efficiency of the Navy, and be best 
suited to the needs of the present day. This course of action has, however, 
caused them to be subjected to persistent and venomous attacks, by those who 
must be destitute of any sense of shame. Had such proposals, put forward in the 
same spirit, but emanated from another branch of the Navy, they would 
undoubtedly have been received with warm approval in the highest service 
quarters. 

The engineer officers of the Royal Navy have no desire to make attacks on 
their brother officers of the executive branch, neither have they any desire to 
supersede them in the performance of their duties on the bridge ; rather do they 
point to the loyal and hearty manner in which they have always worked to 
support those officers, with a view to placing our magnificent Navy in such a 
position that it shall be absolutely unapproachable in its efficiency and readiness 
for immediate use. They ask. however, that the organization of their branch shall 
be such as will enable them to satisfactorily deal with their ever- increasing 
responsibilities in connection with the developments of modern naval engineering. 
They wish to have complete control — under the captain— ia the general 
administration of their own department, and to be freed from the arbitrary, and 
even dangerous, interference with their arduous duties by young and irresponsible 
officers of the executive branch. They have no desire to lose their identity with 
the great engineering profession to which it is an honour to belong, but they ask 
that, as commissioned officers of high standing, responsible for the decorum and 
discipline of large bodies of men, their rank and designation shall be such as to 
render it impossible for them to be placed in undignified and invidious positions 
with regard to the subordinate and warrant officers of other branches, and that 
theirs shall not be a mere quasi rank, which, originally adopted some 60 years ago 

* ** It is greatly to be regretted that the torpedo boats cannot show t)ie same 
excellent records for their machinery, but it is sad fact that nearly every one has 
had some accidents, and the machinery of some at the close of the war was in a 
condition which can only be described as horrible, where boilers were burnt, 
cylinder covers broken, pistons and valves stuck, and everything in bad shape. 
1 his condition of aflfairs seems attributable to two causes, the absence of trained 
engineering supervision, and the use of the boats for duty to which they are not 
adapted. 

Before the war the experiment was attempted of running the torpedo boats 
with only one trained engineer officer for the whole flotilla, leaving the care of the 
machinery of the individual boats to young line officers. . . . And a man 
without previous training does not become at once a skilled engineer by assuming 
charge of machinery. " — (Report of tlie Chief of the Bureau of bteam Engineering, 
Washington, D.C., Oct. Ist, 1898.) 
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when nav^ ^ugineering wag in its infancy » tenda to belittle them in the eyes af 
their men, and is not iudic&tivo of the real nature of theLr duties . Further^ they 
ridicule the jitepoateroiu notion tht^t the 25,Q[>0 ol!icera and men of thi^ engineering 
bt-im^liT iilready trained to some extent in mllit&ry drill and the use of ai'ma. 
should be ranked amongat the nou-combat&Dts of the Niivy ; arid contend, th&t it 
ia unnatural to expect officers to take a pride in & fltirvic$^ or a ayatem, which 
flends them into civil life, to enjoy theii* well-earned repo^ after 30 or 40 years of 
such haniahjpa aa muiat be eudiired by engineers in H. M, Navy, without any murk 
of ^iisttnction other than that enjoyed by the ordin^try eivilianj nU hough that 
service U tiboolately dependent upon their work for its succesa aa a lighting 
machine. 

^ir W, THEODOEii Doxfobd, M.P., said as a memlK^r of the much 
abused House of Commona he came there to hear what the engineers had 
to say on thisi very important subject. He had been present when more 
than one deputation attended at the House of Commons to discuss thia 
question with members privately, and he had also heard his friend Mr, 
Allan, tbe membei' for Gateshead, speak upon it seveml times, and he 
wsTs t[aite convinced from what he had heai'd that the subject was one of 
the utmost importance to the Navy of this country. lie agreed witli hia 
fiicnd Sir Thomas liichardson that it was very diihcult to do much on 
the floor of the House of Common^e ; but he thought the move which had 
been initiated here^ if it was carriBd out on the lines suggested in the 
proposal which their President waa going to bring forward would carry 
considerable weight with the Admiralty, especiaDy if Bupported by the 
section of the House of Commons interested in, and having some know- 
ledge of the subject. He was sure Mr. Goschen, Mr. Macartney, and 
others in auLhority would be prepared to give full weight to everything 
that might be placed before them, for they were anxious to do everything 
for the improvement of the Navy. If he could do anything in that 
direction he would be only Loo glad ; but not being an engineer he was 
not prepared to enter into all the technical details of the subject, but he 
was satislied they were making out a very good case. 

The Pkesij)KN't gave notice that he would move, on behalf of the 
Cuuncil, at the closing Business Meeting to be held in Newcastle-upon- 
Tyne, on May 18tli, the following resoliitiuns :— 

1. — That ill view of tiic national importance of an investigation 
and (li-cnssion liv KnLriucers of the suhjeet matter of Mr. D. B. 
M orison's Tajtei', the Seeretai-y be instrncted to communicate with 
I lie varions Marine Enginrerini;- Institutions throughout the 
Kiiiu'doni enclosing a co|)y of the paper an 1 discussion, and suggest 
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that each should hold a Meeting for the discussion of the subject ; 
that all such discussions shoald be incorporated in one volume, such 
volume to form part of the Transactions of each Institution. 

2. — That a small Committee be formed by each Institution, the 
whole to be embodied in one General Committee which will draw up 
a report for submission to the Government as representing the 
opinions and recommendations of the Marine Engineers of the 
United Kingdom with reference to the Engineering personnel in 
H.M. Navy. 

8. — That the following gentlemen be elected to form the 
Committee to represent this Institution:— -Sir B. C. Browne, 
Sir Thomas Eichardson, M.P., Mr. D. B. Morison, Mr. H. Withy, 
Mr. T. Westgarth, and Prof. R. L. Weighton. 

The President remarked that what was wanted was, as the Royal 
Engineer is to the Army, so the Marine Engineer ought to be to the Navy. 
Besides talking they should also take practical means to go on working 
after their session was at an end. 

The meeting then dissolved. 
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MR. W. 0. BORROWMAN'S REPLY TO THE DISCUSSION ON 
HIS PAPER ON "THE TRAINING OF YOUNG ENGINEERS." 

Newstead, West Hartlepool, 

May 21, 1900. 
Dear Mr. Duckitt, 

I regretted very much my inability to be present at the meeting of 
the Institution on the 20th ult., and now beg to submit one or two re- 
marks in reply to those gentlemen who were good enough to take part in 
the discussion of my paper. 

The object of the paper was to put before the Institution some 
thoughts on the subject of technical education and its bearing on 
apprenticeship. For the most part it appeared to me that several mem- 
bers omitted to observe the real motive in the paper, and in their 
statements simply fastened upon the one part of it that seemed to them 
as of most interest. 

Mr. Westgarth prefaces his remarks by stating that he has views 
rather contrary to those expressed in the paper, but as he proceeds his 
views and my own seem to coincide very exactly. No one would ever advo- 
cate the learning of a trade at a technical school, as this would be 
impossible, but, as he goes on to say, a man's value as a tradesman may 
be very much enhanced by his attending technical classes, and I am of 
opinion that "the why and the wherefore" are obtained not in the 
workshop so much as in the technical college, and that, to a certain 
extent at any rate, the elementary principles should come first and the 
practical application later. If the two can go on simultaneously so 
much the better. 

Mr. Westgarth's remarks regarding the learning of foreign languages 
are very valuable, as it is becoming more rnd more evident that success 
in any industry will in the future depend upon the facility with which 
we can deal with foreigners in their own tongue. 

I am very much obliged to Mr. Fothergill for the expression of his 
corroborative views of much contained in the paper. Mr. Fothergill has 
given the subject careful attention, and his contribution to the discus- 
sion is consequently of value. His desire to see employers give every 
encouragement to their apprentices to attend evening classes is becoming 
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every day ae^rer realization, beeauati employei'B themselves see that, 
apart from the benefits it gives their apprentices, careful teehnk-al 
ferairnug ooudtices to the making of better workmen, Ixjcauee it is found 
that clever fingers usually accompany a well-infonnyd mind. It may 
interest him to know that the writer makes it a role not to engage any 
youth unless he undertakes to attend evening classes during his appren* 
ticeship, his general conduct and the progress made at thee© elass*^ 
determining afterwards whether he is ehgible to sit at the tsompetitive 
examinattoti for entrance to the drawiiig office. When night shift or 
late work is in vogue those apprentices who ai-c at the same time 
students are allowed to attend theij- classes, and so are prevented fr*)m 
missing any of the lectures, 

Mr. Fothcrgill^s reference to the training, or rather want of training, 
of sea -going engineers, is very true. The vision of the average sea- 
going engineer is often bounded by a very ciroumscribed horizon. After 
Borving fire yeat^ in a shop, frequently in only one department of a shop, 
he is sent to sea before he knows, to any useful extent, what engineis and 
boilers really are* His life on board is not an ch as to encourage study, 
and after realizing his second and cluef certificates what little study lie 
has attempted stops. Firms urc not so much troubled with the 
engineering part of their business as with the difficulty of procuring 
well-informed, thinking, qnalified men to carry out their instructions on 
board with care and intelligence, A word in reference to this point 
might be said against those owners who give so little encouragement to 
the better class of engineers to go to sea. Perhaps the proposal of the 
Board of Trade to raise the standard of examination will tend to a 
bettering all round in this respect. 

Mr. Craggs was surely not serious when he spoke as if it had been 
claimed that engineers were mechanics only. There was nothing in the 
paper which suggested anything that could not, with equal aptness, be 
applied to shipbuilders. Mr. Craggs must know that, in the f/enus 
eiigineei', the shipbuilder, the electrician, the mechanic are all included. 
The fundamental principles of these professions are the same always. 
The work of each is the " utilization of the vast sources of power in 
nature for tlu' convenience of man." Hitherto the engineer has been 
looked upon as a nii'i'e technician, but tliis is only one of his many sides. 
II i< inteiests lie also in the problems of society, politics, finance. 
A\'liilc linildinu" ])rid,i;es and digging canals, or launching ships, he is 
-till' iiiii'j up economic legislation, checking" selfish jiolitical plans, pusli- 
inu on industry, and developing civilization generally. 
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Mr. Craggs' concluding remarks struck a very high note, pregnant 
with truth. In the face of the rapid development of industry in other 
countries— a development which has its roots in the systematic training 
of their young— we must early recognize the necessity for carefully safe- 
guarding and teaching our young tradesmen. 

Mr. Robert Thompson's reference to the Board School boy and the 
envelope reminds the writer of a B.Sc. who was once asked to calculate 
the quantity of rivets that would be required to fix a structure together. 
His calculation indicated that about three times the weight of the 
whole structure would be wanted, and he was deeply hurt when he was 
asked to try again. What is wanted, along with other training, is the 
development of the judicial faculty — the power of discerning, without 
elaborate investigation, the true proportions of a thing. A youth may 
be highly trained in one direction only, and so be absolutely ignorant of 
the A B C of his business. It is right to encourage the natural bent of 
a lad's mind, if that be in a proper direction. There will thus be 
ensured a greater chance of success, there will be more heartiness in the 
lad's endeavours, for nothing helps towards success like a healthy 
enthusiasm. 

Mr. Henry Gibson seemed to see a difficulty in specializing educa- 
tion, but if he remembers that this specialization is not advocated until 
the young tradesman is educated up to it, his difficulty should vanish. 
Education in its elementary stages should be common to all classes and 
professions — engineers, shipbuilders, medical men, divines — all should 
go shoulder to shoulder up to a certain point ; then the divergence 
should occur and special study be introduced. 

Mr. M. C. James's experience in some respects coincides very exactly 
with that of the author, but Mr. James, if he teaches still and is obser- 
vant, will have noticed that the systems in vogue and successful several 
years ago are not sufficient now. As pointed out in the paper, and as 
recognised in every industrial country in the world, there is no such 
thing as a proper apprenticeship nowadays, and there is no doubt that 
those successful men Mr. James refers to, had they been guided in their 
endeavours towards the higher walks of their business when young, 
would have reached them sooner and with less difficulty. It is too true 
that the present system of technical education works only " fairly satis- 
factorily," and this "fair" degree of success is very much due to the 
gospel that avers that " an ounce of fact is worth a ton of theory." Such 
mis-statement of facts does great harm in young minds, not only by setting 
up two opposing schools of thought, but by actually retarding substantial 
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pro^ijis m researcli and discovery. It is not to be supposed that we 
think the less of the old masters of engineering, who have done so mach 
for tlie profession without any theoretical knowledge whatever, but they 
would be^ and are, the first to acknowledge that this old way wiJl not do 
now ; at]d they show this by coming forward in their uwn practical way, 
and pving libera] ly and chber fully tangible sympathy by contributiog 
large sums of mouL^y for the e*]uipment and support of t-eohnical colleges. 
The leaders of these oppmiuj,* parties have very crude and absurd views of 
theory and practice, and frequently indulge in somewhat grotesque state- 
ments. Without theoretical reasoning little or no advance would be 
possible from the ordinaj-y ruts of practice, and nothing of a novel 
nature could be undertaken without first of all having recourse to expen- 
sive experiment. If, however, we can get thu results of practice to 
agree with theory, the former is largely dependent on the latter. Where 
the danger of theorising lies is in the fact that some theorists, whose 
reasoning powers are of a mathematiad tarn only^ deduce from assumed 
hypotheses certain theoretical results that cannot be proved to l>e true. 
The mathematical reasoning may be absolutely correct, bat its applica- 
tion, aa well as the assamption on which that reasoning is based, may 
hti entirely wrong. Theory is anrely not to be blamed for this, and so it 
is held in the piper that that young engineer who approaches his work 
(theoretical or practical) through a school where he is introduced to 
both will be the bettei- able to say what may and what may not be of 
consequence to him afterwards. 

Let us hope that Mr. James's idea of trade unions taking to do with 
the education of young engineers may not take practical shape in this 
world. They have already, in exercising their restrictive principles, 
brought to a dead level good, bad, and indifferent workmanship. If 
they take to do with technical education the ambitious and industrious 
apprentice will have to ask tlieir permission to attend a restricted 
couise of technical instnietion, and all his ambitious initiative will be 
erushe'l out of him. It is to ha hoped that our young artisans may see 
soiiie day that their and the nation's interests demand absolute freedom, 
and that if this is not maintained their future will lie dull indeed, let 
their measure of tecjinical education l)e what it may. 

We nnist all ferl inddttcd to tlie President for the wise counsel con- 
taiii'd in liis remarks on the snljject of engineering training. As one who 
In- lonj taken a li\i'ly interest in a[»prentices, and wlio has given much 
t lioiijlit and done mncli for young engineei's, his words are of great 
\.iiii' It i^ true there i> more in an a})preiitieeship than the mere 
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learning to file straight. There is the disciplining, enriching and 
strengthening of character, and the preparation of the youth's relation- 
ship to his fellow-men in his ultimate place in the world. 

Mr. Muir's experience with apprentices is unfortunately a too 
common one. Out of a large number of apprentices attending classes 
the number of those who make any great headway, or who really study 
with a view to mastering the business, is not encouraging, and it is here 
that the fallacy of estimating our progress in technical education by the 
number attending classes is brought out. Perhaps if some such arrange- 
ment, as indicated by Mr. Thearle as prevailing at the Royal Dockyard, 
were to be introduced greater progress would ensue. 

Mr. Dalrymple and Mr. Muir both agree with much put forward in 
the paper, and this support is very acceptable. 

We are especially indebted to Professor Jamieson for his contribution 
to the discussion. He speaks with authority and with the experience of 
years to go upon, and in his usual thorough manner gives much sound 
advice to all. Professor Jamieson does not speak as a teacher only, 
however, but also as a practical engineer — as one who has not only 
studied and knows intimately all the systems of technical education in 
the world, and who thereby is able to glean what is best from all, but 
also as one who has been intimately associated with practical work, and 
so being able to direct and carry such on. His every-day intimacy with 
young engineers in the class room and in the workshop, as well as in the 
carrying on of much consultative practical work, gives Professor Jamie- 
son's remarks on the training of young engineers exceptional value. 

Mr. Fulton's contribution is very refreshing, and has quite a tone of 
Imperialism in it. It is quite true that instruction merely has hitherto 
l)een the order of the day, but this is so cheap now that to be instructed 
only is not nearly sufficient. Let us by all means have instruction, but 
let us also have a little education — not the pouring in of facts, but a 
healthy drawing out of ideas. 

We are much indebted to Principal Woodhead for the contribution 
to the discussion he has sent in support of much covered by the paper. 
Districts with such gentlemen at the helm of educational affairs may 
rest assured that their youths are being guided in all that is best both for 
themselves and their industries. 

Yours faithfully, 

William C. Borrowman, 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



Sixteenth Session, 1899-1900. 



PROCEEDINGS 



CLOSING BUSINESS MEETING OF THE SESSION, HELD IN THE 
LECTORE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY EVENING, MAY 
18th, 1900. 



SIR BENJAMIN CHAPMAN BROWNE, D.C.L., J.P., Pbesident, 

IN THE ChAIB. 



The Sbcbbtary read the minutes of the last General Meeting, held 
in Sunderland, on April 20th, 1900, which were approved by the mem- 
bers present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Prof. R. L. Weighton and Mr. D. B. Morison to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Ascroft, Fredrick W., E. Draughtsman, c/o Messrs. Harrison, Engine Works 
Ocean Works, Cross Lane, Manchester. 

Byers, Wm. Lumsden, Engineer, 29, Thomhill Terrace, Sunderland. 

Carr, Wilson Story, Consulting Electrical Engineer, 14, Percy Gardens, Tyne- 
moutb. 

Cooper, Burjorjee S.N., Engineer, Sea View, Mabim. Bombay, British India. 

Hall, John, Engineer, 64, Westoe Parade, South Shields. 

Hogarth, G. V., Shipbuilder, 32, Water Lane, Maryland Point, London, E.C. 

Warburton, P. J., Consulting Engineer, 3, St. Nicholas' Buildings, Newcastle- 
upon-Tyne. 
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GRADUATES TO MEMBERS. 

Dickie^ John P„ E* DrflaglitflmiiUt 18, Brinkbuni Teirrace, Soath Shtdd& 
Llfllixnttn, John J., Juiu, Manue Engineer, 16, Lovmne Flflfie^ North Shields. 

ASSOCIATES. 

ilendersotit Johjj T.i Con tractor, 5, J^og^ji TBrr^ti,. ^utlj Shield Bp 

Hoba|)felj Mjijt, Cr>ii tractor, MaHtimo Biiiklhigs, Quuyjiidi^, Nt'wcdstk-on-Tjuc 

Tfillj, Eobert, Marine Saperinteiuleutf 0, Tlte I^awe. Snwth Shields. 



Mr. W. H. Atherton being unable to be present, bis reply to the 
discussion on his paper was taken as read. 

The Discussion on Mr. D. B. Morison's paper on "The British 
Naval Engineer " was resumed and closed. 

Closin^r business of the Session. 
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MR. W. H. ATHERTON'S REPLY TO THE DISCUSSION ON 
HIS PAPER ON " THE FOULING OF SHIPS." 

Dear Mr. Duckitt, 

I have first to thank those gentlemen who, by taking part in the 
discussion, have so materially added to the value of the paper and to our 
knowledge of the subject of fouling. Much of interest has also been 
said on the question of corrosion ; but, as that subject was not touched 
upon in the paper, no further reference will be made to it. 

My authority for the statement that copper sheathing has been 
applied to wooden ships for centuries is a paper by Mr. M. Holzapfel, 
read before the British Association in 1889, where it was stated that 
relics of the ancient Romans prove that they employed lead and copper 
sheathing on the immersed parts of their ships. Apart from this state- 
ment, however, I have long had the impression that the practice of 
sheathing ships was very old ; though just now I am unable to iind any 
authoritative statement as to when copper sheathing was first used. 
Certainly Mr. Thearle is wrong in supposing that the Admiralty owed the 
first suggestion for the use of copper sheathing to Sir Humphry Davy. 
It is true that Davy was probably the first to investigate the theory of its 
action, and without doubt the first to suggest the use of zinc or iron 
protectors, to prevent the rapid wasting away of copper sheathing on 
wooden ships. But that is a very different matter. In 1824 Davy read 
a paper before the Royal Society " On the Corrosion of Copper Sheathing 
by Sea-water, and on Methods of Preventing this Effect," which was 
published in the Philosophical Transactions for that year. In this paper 
the following introductory passage occurs : — " The rapid decay of the 
copper sheathing of His Majesty's ships of war, and the uncertainty of 
the time of its duration, have long attracted the attention of those 
persons most concerned in the naval interests of the country. Having 
had my inquiries directed to this important object by the Commissioners 
of the Navy Board, and a Committee of the Royal Society having been 
appointed to consider of it, I entered into an experimental investigation 
of the causes of the action of sea- water upon copper." Now it is evident 
that the rapid decay of copper sheathing could not have long attracted 
attention, unless it had been in use for a long time antecedent to 1824. 
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Davj Boon afterwards read two other pflpers on the same enbject before 
the Royal Society* 

I am obliged to Mr. Thearle for poioting out the true compoaition of 
munta metaL Most authorities give 8 parts of copper and 2 of zinc ; 
but some gWe 2 of copper, 1 of zinc, and a little lead. One authoritative 
work gives S of copper and S of zinc. It would tbuB appear that the 
composition of the alloy is very variable. 

From Mr. Humdall'e remarks it seems to ba quite an error to 
suppose (aa Fairbairn did) that a foul ship would he made clean simply 
by lying In fresh water for a short time. It further appears that a good 
an ti- fouling compoBition will keep a ship clean for a few months 
even in the worst of waters, no matter how prevalent may be the 
germs of fouling matter. If tbifi be so I am pleased to learn that 
compositions have advanced in efficacy so rapidly. Not many years ago 
it was stated, in the pages of 77i* Sht^ipin^ World, that vessels lying at 
Surabaya for a ttwf^k, at almost aiiy time of the year, wonld get foul 
with the best composition ever invented. Sir W. H* White, also, in 
his NaiHtl Anhitprture^ wrote : — "No enre for fouling has yet bewi 
devised ; the best corapositioDs in use aje only palliatives/' Yet we 
are now assured^ on the authority of both Mr. Hurndall and Mr. 
Holzapfel, that the compoeitiona of to-day are entirely satisfactory. It 
is rather a pity, though, that the shipowners' opinion has not also been 
freely expressed in the discussion, it lieing just possible that a composition 
manufacturer may not be wholly unbiassed. 

The statement on page 168 that " £4,000 a year is expended by some 
trans-Atlantio boats in overcoming the resistance due to fouling " has 
apparently given Mr. Holzapfel quite a wrong impression. As I under- 
stand the sentence, the cost of the coal wasted in driving the ship 
against the extra skin resistance due to fouling is meant, and not the 
cost of the an ti -fouling composition. 

The additional zoological notes supplied by Mr. Holzapfel, on the 
antliorit} of Charles Darwin, are most interesting, and have an important 
Ix'aring on the theory of anti-fouling. It is a pleasure to find that at 
least one mannfactiirer of compositions has studied the scientific aspects 
of iliL' sulijrct. Vov a very full account of the Natural History of 
l);i]na<lrs, rL'Teifiicc should be made to Darwin's important }fono(jrnph 
^'/ ^//' ('inipcdid^ pnhlislu'd in two volniiH s by the Ray Society, which I 
li;i\*' li:i<l (lie good fortune to meet with, since wiiting the paper. 

It seems ilint Mr. Holzapfel now repudiates the poisoni/if/ theory of 
anii-fouling ; or rather, he says that by the word poisoning he does not 
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mean what is usually meant by that term, but coagulation of the external 
albuminous cementing matter. The word " poison " literally means a 
potion or draught, being derived from the Latin potio^ a drink. Hence 
poisoning is essentially an internal process. It certainly seems to have 
been the idea of those makers of compositions who have used arsenical 
and mercurial compounds that, in some way, juvenile barnacles absorbed 
these substances, and were thereby poisoned in much the same manner 
as any more highly organised animal would be, if such active poisons 
were admitted into the stomach. 

So far as barnacles are concerned, the true explanation of the anti- 
fouling properties of copper sheathing would now appear to be the 
following : — The compound (copper oxy-chloride) formed by the chemical 
action of the sea- water on the sheathing slowly dissolves and exerts a 
chemical action on the albuminous cement by means of which the young 
barnacles seek to attach themselves, which has the effect of coagulating 
this substance and depriving it of its cementing properties. Hence the 
young barnacles are unable to attach themselves to the copper sheathing. 
This explanation, I believe, also applies to mussels, oysters, and other 
shell-fish, but how far it may be applicable to grass and seaweed is not 
clear. The term exfoliation is sadly abused. It is clearly misleading to 
say that copper sheathing acts by exfoliation, for exfoliation means " to 
come off in scales " and not " to slowly pass into solution," which is an 
essential feature of the actual process. 

In the case of compositions, the first stage is the gradual loosening 
and setting free of the active anti-fouling substance from the inert 
varnish in which it lies embedded. The next step consists in the dis- 
solving of the particles of that substance in sea-water, accompanied by a 
chemical change differing for each substance. The last stage is the 
process of coagulation or curdling of the albuminous coating forming the 
medium of attachment. 

I much fear that Mr. H. van Meerten would object to the interpre- 
tation which Mr. Holzapfel has given to his words ; which words, by the 
way, are not those of Davy. It may be instructive to quote what Davy 
actually did say in the third of his Royal Society papers* on the subject 
under discussion : — 

When copper has been applied to the bottom of a ship for a certain time a green 
coating or nist (consisting of oxide, submuriate and carbonate of copper, and 
carbonate of magnesia) forms upon it, to which weeds and shell-fish adhere. As 

* See Philosophical Transactions of the Royal Society y 1825. 
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loTig as the whole snrfaoe of tha copper changes or corrofllea, no Biich adhesion oati 
occur. But when this green ru&t has pariially form^, the copper below ijs 
proteeted by it, nnd there ia tin unequal action produt^ed ; the electrical effect of 
the oxidei eubmuriate, aud carbonate of copper formed being to product* a more 
rapbl corrosion of the parts still expoaei.] to a^a- water ; so that the sheeta are often 
founij perforated with holes iti one part, and eomparatively sound in other (i&rta, 
Tliere ts nothing in thy poiaonouB naturo of ihe nietal which preveots these 
a^lheaiofis^ It is the aotti^imi by which thej are prevented — the i/ycfi* of saKf'r4Ci\ 
Weeds and ahell-f »h reailily atlhere to the poiaonou« aalt« of lea<l which form upon 
the Uad^ protect mg tUe fofe part of tba keel^ and alfio to the copper, in uiy 
cbemical combination in which it is insoloble. 

Finally, with reference to fche comparative merita of copper sheathing 
and imtl-fouling paints, I have come to the conclusion that thu latter 
have now ao far advanced in effect! ^eueesj aud dry docka have so multi- 
plied, that it is no longer tidvisahle to incur the expense of sheathing 
steel ahipfl—not even warships, save in exceptionable cases — and that the 
practice of sheathing such ships will gradually become ohBolcte. In 
saying this I tiasume that the Btatementa made by Mr. Holaiipfel tiuil 
Mr. Hurndall in regard lo the efficiency of moderu compoiaitioiia are 
substantially correct* 

Yours faithfully, 

W, H. Atiiertok, 

The PREBiDEfrr proposed a vote of thanks to the writer for his 
paper on this very important subject. 

This was cordially given. 
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DISCUSSION ON MR. D. B. MORISON'S PAPER ON 
" THE BRITISH NAVAL ENGINEER." 

The discussion was resumed on Mr. D. B. Morison's paper on " The 
British Naval Engineer.' The following communications were taken as 
read : — 

Tynemouth, May 17ih^ 1900. 
Dear Mr. Duckitt, 

With regard to Mr. Morison's valuable paper, in referring to it, 
I do so with an apology, but it is only an expression of regret of the 
difficulty of putting forward new facts or arguments to enforce what 
has been so ably stated by Mr. Morison, and confirmed by others. The 
expressions of opinion at our last meeting were unanimous that it was 
our duty to take this matter up and press it upon the attention of not 
only this Institution but all others of a kindred nature, and in such a way as 
to convince the powers that be of the necessity for an immediate change. 
The efficiency of our Navy, and even the safety of our country, demands 
some action being taken. This is do petty personal matter. We do 
not seek to take anything from any other branch of the service, but we 
ask that our branch should be raised, so to speak, to a position consistent 
with its importance, and with the duties that will undoubtedly be 
expected from it on the day of battle. As engineers and men who will 
do what is expected, we have every faith in them, but there are too few of 
them. Just glance at the actual facts brought forward by Mr. ^Morison 
and confirmed by others. Fancy the comparison between the number 
of engineers carried in our merchant liners and those carried in some 
of the battle ships. The question is past answering. We can only 
wonder how this state of affairs has existed so long. It is no secret that 
there is a scarcity of engineers in the Navy, and can it be wondered at ? 
What is there to attract youths or men of the required character and 
education ? Is there any attraction in a position that cannot be 
defined ? He is responsible for the mistakes of his subordinates, and 
yet the control or authority over them may be in other hands, and 
evidently subordinates in another branch of the Service. Is the pay an 
inducement by comparison with other branches of the Service ? It is 
certainly not. Are the duties light, or is the position of naval engineer 
a sort of sinecure ? A glance at the complicated machinery of a war- 
ship, large or small, is an answer in itself, without reference to the 
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official list mentioned in the paper. It really aeems a& if only a oertala 
number of engineers could be got, and that this number must b© 
divided out amongst a certtain number of ve^siQs tjuito irrespective of 
the numl)er that these vessels ought to cjurry. It has been stated that 
more could be got in the event of war or mobilization. It will be too 
late then. This is perfectly obvious from the fact that we have not 
sufficient for our present requirements. Much has been stated about 
making use of the engineers of onr merchant service, and I am of 
opinion that this could be done to a certain extent, but in the some way 
that we have reserves for other branches of the service, I do not think 
that it would in any way cripple the merchant service if some engineers 
were called upon for service in the Navy. They wonld, of course, 
require a certain amount of training, but I do not see any difficulty in 
this, and when we know that in many of our large liners there are 
upwards of a dozen well quaUJied eogineers, in addition to a large 
number of junior engineers^ then it is evident tbafc a number of these 
could be taken away without crippling such a steamer. 1 cxmsider this 
point worthy of very close and careful e^naldemtion. I regret my 
alisence prevents my going into details, but I feel sure from what has 
been said by so many speakers who are well qualified to express an 
opinion, that the matter will receive that urgent consideration which 
it demands, and Mr. Morlgon m deserving, not only of the thanks of 
this lustitntionj but of the whole country, for having brought tliis 
matter forward in m able a manniT. Dnr Navy is undoubtedly the 
finest in the world, and that it should be in the least crippled by 
a want in this particular branch is very much to be regretted, and it 
is sincerely to be hoped that this defect will be remedied before it 
is too late. 

Yours faithfully, 

Summers Hunter. 

Newoastlk-upon-Tyne, 
Dear Mh. Duckipt, JJa// 17M, IDOO. 

I liavc perused with pleasure Mr. Morison's able paper on a subject 
which is not confined altoii^ether to a (luestion of the status of the naval 
(Mii^nneer, but develops into a national question, touehini^^ as it does the 
• '(licient manning" of oui" Nivy. l^iial)le to he pi'esent at tlie ])revious 
iiitM't iims, tlierefore not in touch with the points in'ouLcht forward in the 
vai'i<)ii< discussions, I hope th:r in tin; few remarks f have to make that 
I am not footin'i o\cr trodden !j:roun<l. The unJerinannini;" of our Navy 
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in whatever department is a matter that should appeal strongly to the 
nation at large, and Mr. Morison has clearly demonstrated, by comparison 
with the Atlantic liners, that the engineering department is in this 
serious condition, not only as regards engineers but also artificers, 
stokers and coal trimmers. This condition of things is not fully under- 
stood by the public generally, who do not care to be troubled with bogies 
and scares until they do come ; but this and kindred institutions grasp 
the position and understand the danger it involves, more particularly 
those members who go down to the sea in ships, and who can fully 
realize the responsibility of the engineer on board our modern ships of 
war, a floating mass of machinery. It is well known the Navy is not 
attractive to our well-educated youths of the present day having an 
engineering . tendency, owing no doubt to their being deprived of 
executive rank ; and this compels the Admiralty to introduce 
"emergency engineers," "temporary service engineers," and "direct 
entry engineers " (described by Mr. Morison on page 187) in order to 
make up an efficient stafif in time of peace. This, as you well understand, 
brings together a class of men widely different in technical attainments, 
which tells against the probabilities of Keyham College supplying naval 
engineers, consequently lowering the standard of efficiency. In the event 
of war, when the engineering staff in our Navy would require to be con- 
siderably increased, the Admiralty would no doubt fall back upon the 
mercantile marine to supply the deficiency by drawing from the engineers 
who have joined the naval reserve, and from that class would undoubtedly 
obtain thoroughly competent men for attending to the propelling power. 
But what about the numerous different classes of machinery, such as 
gun mountings, hydraulic engines for guns, turning turrets, barbette, 
platforms, torpedoes, torpedo tubes, etc. ? The naval reserve is not, in 
my opinion, popular with the engineers of the mercantile marine, there 
being no inducement to attract our young men in that direction ; the 
Admiralty requirements for the reserve are briefly as follows :— Assistant 
engineer to be under 30 years of age, must hold a 2nd class certificate 
under the Merchant Shipping Act, 1894, and have served not less than 
one year as a certificated engineer. Engineer to be under 35 years of age, 
holding a 1st class certificate under the Act, 1894, having not less than 
7 years' service at sea, including 1 year's service as chief of 200 N.H.P., 
or second with engines of 500 N.H.P. or having 2 years' service in charge 
of a watch with engines of 1000 N.H.P. Senior engineer to be under 
45 years of age, holding a 1st class certificate under the Act, 1894, 
having had not less than 10 years' seiTice at sea, including 3 years' as 
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chief engineer of 500 N,H. P, or 1 year's aervioe as chief of engines of lOOO 
N.H,?* It will be gathered from the above that in ease of emei^encj 
fchc Admiralty requires the pick of euginet^e in the merciantile marine ; 
hut what ai^ the indocsemente held out ? Only that when called upoo to 
join they will r^eive ptiy according to their ratings which i& no increase 
on tlietr pay received in the merchant tier v ice ^ and will then wear tht? 
uniform* The Admiralty would, T am 8iire, make this bnmch of tlic 
reserve more efficient and attractive if a certain number of engineers who 
hml been accepted for the reserve were called up each year to serve on 
board the ships of our Channel Fleet during the autumn manaiu\Tes. 
This would give them a training in the habits of naval life and tliscipline ; 
and, after having completed a stated semce with the fleet, to receive a 
rtitiiining fee for a fixed number of years, by this means retaiuing the 
services of an efficient traiued emergency staff. The investing of niival 
engineers with executive rank may become an accomplished fact some- 
where in the ilim and distant future, for old customs and prerogatives die 
hard. The Navy I have beard described as a "close coi-poration/' 
and the members of this ** close corporation '" are drawn from the ranks 
of those who hold all the reins of power and authority in the land, 
no power being able to reach them because there is nothing tangible to 
attack, and efforts ure uselessly expended ; yet the power remains to 
repress and annoy the engineer officers, ajid this will be exercised all the 
more iiersistently the stronger and more practically their claims are placed 
before the public ; but let us hope that the cherished wish of our naval 
en^nneers will be granted them, as they are a class of men who deserve 
better recognition from their country. 

Yours faithfully, 

David Andrew. 

Sunderland, 
Dear Mr. Duckitt, Mdf/ 21sf, 1900. 

May T be permitted to say a few words in reference to the most 
adniiral)k* pa])er read by Mr. Morison before this Institution. For 
neai'ly 80 years I have followed with interest the development of the 
cn^inefrinix trade of this country, the ])rojrrcssive strides made to 
coinlmir Llieory and [»racti('i', iherelty Lrettinir an infinitely better 
i-<'sult than was olitained in tlie old rnle of thnnib days. From 
fii-jiniri'inii" lieinir one of the erafts of the older days, it has now come 
to lie a science. In like manner has tlie eniiineer of old now heen 
olili-cd to train himself not oi Iv in the wav of nsini: tools, hut also to 
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acquire a scientific knowledge of mechanics in order to be up to date. 
We have now in this country several splendid colleges where mechanical 
sciences are taught and where young men spend part of their life in 
order to cope with the greater difficulties which may come in their way 
in future life, when they are called upon to bring their theoretical know- 
ledge into practical use, whether in the capacity of naval, marine, or 
ordinary engineer. 

Such men who have trained themselves theoretically for the profes- 
sion ot an engineer and further combined their theoretical knowledge 
with the practice of the craft, should in my opinion rank in the social 
life as professional men. Why should the professional advantages in 
social life not be bestowed upon that great class of men who, I main- 
tain, are the backbone of this country, men who in time of peril will 
show the world that England's strength is her boundless resources in all 
pertaining to machinery, whether in the shape of battleships, transports, 
or artillery, which are all products of engineering science. So far as I 
understand Mr. Morison's paper, it is not only the undermanning of 
the Navy which is in question— it is the position and the pay. If the 
position is first secured the pay will follow in its train. 

Yours faithfully, 

Lauritz M. Bodix. 

The following communication from an eminent American engineer 
has been received : — 

WASHrNGTON, D. C, 

Dear Mr. Morison, May 15, 1900. 

I greatly enjoyed reading your paper prepared for the North-East 
Coast Institution, entitled "The British Naval Engineer," &c., and 
while I was admiring that my attention was called to a somewhat 
similar article in the Fortnightly Review for April, entitled " With but 
After," by Rollo Appleyard. 

I found in this country that we were immensely helped in our fight 
by the assistance of outside engineers of high standing, like yourself, 
both because their words carry weight with the general public and 
because such men could bring powerful influence to bear on our Members 
of Congress. Of course our final effort was made easy by the compro- 
mise with our line, or executive officers, under which we all worked 
together. Previously we had always been compelled to fight the line 
officers in anything we wanted to do, and it usually resulted in neither 
of us getting anything we wanted. I do not know whether there is 

VOL XVI.-1900. jg 
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anything tliat the executives of the British Navy would like and to 
Becnn^ which they would be willing to compromise with the eugineerB, 
but, of coorae, if snch a thing were possible that would be a great help 
in the fight. 

An idea which has often occurred to me^ even before our engineers 
in ciTil life began to help us^ waa that the fight of the naval engineers 
for proper recognition was in I'eality not merely Bomething for their 
pei-sonal benefit, and fdfto for the gi^eater efficiency of the service, but a 
fight for the proper rccog^ution of the profession of engineering, Un* 
fortunately engineers are all m hmy that they have in the past not paid 
Hufhcient attention to having the public recognise the great importance 
of the engineering profegBion, so that, of course, they did not realise that 
the inferior potdtion in which the i-epresentativeB of the profession are 
placed on boai'd ship was stamping a badge of inferiority and secondary 
inaportauce, not merely on the nufortunate men who fill the pOBitions, 
but on the whole profeeaion. The action of our own engjue^jrs in civil 
life here, and such thin<ra ivA your splendid article^ show that en^eers 
all over the world are waking Ui the importance of having the proper 
Btanding of the profession at-corded to it cvcrj^here. 

In this connection it may not be nninterciting to yon to state that a 
gentleman now in civil life, but who was probably the moat active 
worker for the passage of the Personnel Bill among the engineers, had 
occasion to state to a meml>er of our House Naval Committee the fm^fc 
that engineers in all navies are not content with a position of secondary 
importiiiice, but will demand the complete recognition of their value and 
the assignment of proper rank and titles. The Congressman, in 
attempting to belittle the claims of the engineers, took up the German 
Navy, and, referring to their titles, which are professional only, said that 
they seemed to be satisfied. The naval engineer replied that this was 
simply because the Congressman had not come in contact with any 
German naval engineers, while the S])eaker had, and he knew that they 
were just as discontented with their status as were American naval 
eniiineers. I make this point for the reason that, if you do by agitation 
i;-et tli(3 matter considered in Parliament, or by a Parliamentary com- 
mit tf", you will vrry likely have this same objection raised : but, from 
;ill I can hear, t'ni:"iiierrs in every navy ivalise that in this a^'e when the 
.•ii'jint'.T lailcs siij)reiiie it is simply an aiiaehi'onism of the worst [possible 
lx:!i.l to lia\r lln' iii'Mi oil whom the tcmI efhcifiicy of the modern 
r;'_:lii iii'^ iiiicliiiK' •!('[)rn(ls lioldinu' an inferior and secondary position. 

i'.oth \-oii and Mr. Applcyard have struck the ri^'ht. note in calling 
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attention to the serious menace to efficiency of the great fighting 
machines which results from the discontent of engineers with their 
position, as shown by the difficulty in getting men to come into the 
service and the anxiety of the best of those who are in to get a decent 
opportunity for leaving.. That naval engineers with sons who want to 
enter the Navy should have them go into the executive branch, rather 
than into engineering, is most conclusive proof that something is 
terribly wrong, and the further statement that the older men discourage 
friends of theirs who think of entering the engineering branch is a 
further proof of tremendous significance. Prior to the passage of the 
Personnel Bill we had exactly the same state of affairs in our Navy, and 
we were constantly losing our ablest men, who, in many cases, were 
willing to accept positions in civil life, which paid little if any more than 
they were receiving in the Navy, for the sake of escaping from sucli an 
unsatisfactory life. 

Those who oppose reform will, of course, say that the discontent is 
simply that of a few very ambitious men who aspire to positions for 
which they are not fitted, or, as it used to be put in the squabbles in the 
American Navy, " the engineers desire to strut in borrowed plumage." 
That nothing could be further from the truth is shown by the fact that 
the Personnel Bill gave about 60 of the transferred engineers the option 
of qualifying for general deck duties so that they might become eligible 
for promotion to flag rank, yet of all this number not more than 10 have 
actually taken advantage of the opportunity ; showing that the fight of 
the engineer was not to get command of the ship, as was often stated, 
but simply to get out of an anomalous position, and to have his rank and 
position in the naval service so defined that he could pursue his work 
with some heart. 

In some respects your men seem to be worse off than ours ever were, 
both in pay and in the matter of courts martial. While our courts were 
packed, in that there was always a majority of executive officers, we at 
least always had a representation on the court when any of our people 
were tried, and this gave an opportunity, in spite of the star-chamber 
methods of courts martial, for them to call attention to any gross 
injustice and at least make a recommendation for clemency. 

The indifference of the general public to the question of the position 
of naval engineers is probably largely due to their belief that every 
officer in a military organization is invested with full authority over the 
men under him, and that this authority is properly backed up by the 
captain of the ship. The fact to which you call attention, that the men 
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of the engineers* force do not have the same resj^ect for the engineers' 
authority as for the deck oflioers, was very marked in our own service, 
because the men realised that the captain and the second in conimand 
would not, of ntxjesaity punish them on the recommendation of the 
engineer, but that the engineer wiiS jost as likely, when the ca^e came up 
for consideration, to find himself in position of defendant m the m^n 
against whom he made the charge-, So marked was this feeling that I 
have heai-d engineei"s in our own service tell how, even in such matters as 
shore liberty, the men of the engineers* force, if at all dissatisfied witli 
restriction by the engineer, would in some cases not hesitate to tell him 
that the decision rested with the second in command and not with lilm- 

Of course in all tliese discussions we ought to be willing to sUvte (if it 
is the case, and it often was in our aervice) that in spite of the insnfti- 
cieney of legal authority for the engineer's standing: he was probably 
geneniUy upheld by the commanding officer ; but there is no more rcxiscni 
why the engineer's authority should be entirely on safferaoce and capFible 
of annulment by a cniuky or ill-iiisposed captain than that the captain 
bimself should hold his authority on euch a tenure. 

The former engineer of our Navy to whom I have already referred 
put the thing rather cleverly at the first meeting of the Personnel Board 
in 1S97, when be stated the claims of the engineers to be four : — 

Fiiat ; — The right to command their own men. To the ordinary 
public this might seem absurd^ because of the popular belief that this right 
already exists. It did not in the American Navy prior to the passage of 
the I'ersoiinel Bill, and there is probably little doubt that any good 
lawyer could have cleared a man for refusing to obey an order of the 
engineer officer by showing that the statutes expressly deprived him of 
the legal right to issue a command. 

Second ; — The right to command any man at proper times and under 
proper conditions. I trust you have never had a case like several that 
occurred in the American Navy where there was one flagrant instance 
where a captain and an admiral actually attempted to put a commissioned 
officer under the command of an enlisted man, and he a negro rated as 
'* liindsmiui." T am glad to say that when the matter was appealed to 
1 ho Navy n('i)artnicut tlie captain and admiral were not sustained. In 
Llic Auicrican Army sucli a thing has not been possil)le for the last fifty 
years, as tliey liave long had tlie law tliat any commissioned officer, by 
\ iriih' of liis commission, may command any enlisted man. 

Third : —The possession of real rank instead of relative, in order 
thai there niighc be proper autliority to exercise military command. 
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Fourth : — Military title in addition to the professional one, to show 
the actual standing of the officer in the military body to which he 
belongs. I think you have- called attention to the fact that naval 
engineers are too proud of their profession to want to be separated from 
it, and I know such was the case in the American Navy. With our 
men, however, the granting of all the demands they had ever made came 
in the shape of accepting the military title to the exclusion of the 
professional one, but as it was accompanied by the agreement that every 
officer would be an engineer in fact, even if not so styled, they felt that 
they were getting the substance of what all engineers wanted, and that 
it would have been foolish to iight f«r a retention of the name when that 
might have prevented the securing of the actual thing itself. 

One thing that has struck me in both papers is the extreme modesty 
of the demands made for the naval engineers. You have not asked for 
nbsolute equality as regards promotion, pay, &c., with the executive, but 
have been content with a very modest claim for amelioration of existing 
conditions. This ought to appeal to Members of Parliament in consider- 
ing the case, as showing how very reasonable the demands are. As 
regards pay, American naval engineers were, as far as possible, under the 
old regime, on an equality with the executive officers, although, of course, 
as they did not attain flag rank they never got the highest rate of pay ; 
but after attaining the rank of chief engineer their pay was a matter of 
longevity, so that they were really about as well off as the executive 
officers. 

I was very glad indeed to note in your paper the strong emphasis 
you lay upon the fact that in urging the granting of the claims of the 
engineers it is mainly on the ground' of making the efficiency of the service 
as high as possible. The appeal to the sense of justice of the average 
legislator is, unfortunately, generally fruitless. The politician is by 
nature and training a man of compromises and a trimmer, and his habit 
of mind gradually becomes one of considering simply what is the most 
politic thing to do, rather than what is the just thing ; consequently 
the appeal in behalf of the engineers on the ground of the vital necessity 
of their content to the highest efficiency is the right line to follow. It 
is a curious thing that this does not occur to the people charged with 
the administration of navies, when it is so very familiar to the managers 
of all great private enterprises. They realise so thoroughly the import- 
ance of keeping the best men that they are very careful to see that all 
such things as pay, position, &c., are made satisfactory. 

One other thought occurs to me in this connection, which I do not 
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think you brought out, although, I am sure, it is perfeetlj familiar to 
you, uamely, tlie auawtir to the etatemeiit that will probably be made 
that Lhe reason it is di Hi cult to get jouDg meu to go into the corps of 
naval engineers is because the work is bard and involves life among 
gre&B6, dirt and beat. This statement is absolutely false^ and in&tance 
after instaoce could be cited to prove that it is. I have known person- 
ally every one of the bright men who have left the American Engmeer 
Cori^s in the last ten years, and I know that not a sijigle one ever 
weighed for a moment the question of the ease of the life. All of them 
loved their work and were fond of engineering. What m^e them 
willing to leave the Navy^ and indltd anxious to do so, was discontent 
with their surroundings* A further proof has Ijeen called to my 
attention recently in connection with some of the large manufacturing 
cont^iruti which endeavour to train young men in the practical side of 
their work after leaving a technical school, and require them to go 
through a course of several years at an exceedingly small compensation, 
and where they personally perform every apccies of manual labour in all 
branches of the establishment. They have no diftieulty whatever in 
getting all the young men they want, and indeed, are compelled rathtT 
to turn away a great many who apply. The work is certainly not 
attractive in itself, but the young men recognize that it is this intimate 
acqiiaintsmL't! with the ]n'a^'f 1* m1 ^Mi> t^f thi:* biiRirn^^w wlii. Is wl]] give them 
the strength to aspire to high positions in the profession later on. I am 
convinced that exactly this same state of affairs would exist with respect 
to en.2^ineering in the Navy if the status of the officers were made satis- 
factory ; indeed to a man who has any mechanical instinct, watch 
standinL,^ while not always pleasant as regards temperature and matters 
of that sort, is nevertheless intensely interesting when one thinks of the 
i^reat forces under his control. The conning of the ship is mere child's 
pi ly in comparison with it, and has nothing like the attraction. In tlie 
engine-room all is life and animation, and the enuinecr feels that he is 
really doing something in maintaining efficiency and economy in the 
working of the great engines under his control. On deck in the modern 
steamer the work of the man on the bridge in time of ])eace lias become 
little moi'e than that of an onlooker. 

Ill time of war the man on deck has, indeed, the excitement of the 
(oihIkiL and the thrill of danger to make his work attractive, hut the 
iiinii Itflow has every hit as nnich, if not more, danger, and his work then 
r*' [uires the highest exercise of every faculty of which he is possessed. 
He knows that everything is being worked to its utmost capacity, and 
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that the successful working of each part of the organism is absolutely 
vital to the success of the ship as a whole, but he also knows that an 
accident to any one of the thousand little minor parts will disable the 
whole huge machine. In spite of all this he must not allow himself to 
get excited, but must keep thoroughly cool and be ready if anything 
does go wrong to make it right in a moment. I cannot believe that 
there is anything in this life which would be unattractive to any man of 
Anglo-Saxon blood ; on the contrary, it seems to me unusually attractive. 
That men who do this work should be discontented is only because they 
know that in spite of the vital importance of their work they do not get 
proper recognition, and to a man of the spirit which is absolutely 
neccessary to success as a naval engineer this constant ignoring of his 
merits, and failure to give him his just reward, are bound to make him 
anxious to get into some other line of business where merit is properly 
appreciated and where he will not see the credit, which is rightly his, 
given to someone else. 

We have a notable instance in the American Navy in the case of the 
" Oregon." The remarkable voyage of thirteen thousand miles, leaving 
the ship ready to go into action at once, backed up by the fact that she 
was the prime factor in the fight at Santiago, was all due to her Chief 
Engineer (now Commander) Milligan. Milligan was not considered one 
of the specially shining lights of the Engineer Corps, but rather a 
thoroughly reliable man who would always give a good account of himself. 
The fact was, however, that he did look after everything, and was nut 
content with simply making perfunctory reports to the commamling 
officer and then abiding by his decision. Every one realizes, of course, 
that the captain had nothing to do with the readiness of the ship to go 
into action after the long voyage, as this was an engineering matter 
entirely ; but it is not so generally known that Captain Clark wanted to 
get the " Oregon " into the condition of half-power, in which most of the 
other vessels were at the time Cervera^s Fleet came out, and would have 
done so but for Milligan's urgent persuasion the other way, yet in spite 
of the fact that it was due to Milligan's efforts that the " Oregon " was 
able to do such magnificent work, probably not one person in a thousand 
of the general public even knows his name, while Captain Clark is given 
all the credit and is regarded as a remarkable man. 

The head of one of our colleges in America, whose technical side is 
much the strongest, and who in consequence has been very much 
interested in engineering matters, once said, when asked by a naval 
engineer why it was difficult to get the executive officers to accord simple 
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joatioe to thdr brethren of the Engineer Corps, ** History diBcloBea very 

few cases in which the members of ft privileged class have, of their own 

volition, agreed to an increas<^ of then* numbers hj the accesaion of men 

from a class previously regankd as iuferior;" in other wordSj the 

opposition to giving the naval engineer his due is largely a matter of 

class prejudice. 

The snccGssfnl outcome of the straggle in America for proper 

recognition of the naval engineer makes the fight by engineers in otlier 

navies that much easier, and it secma to me absolutely certain that in 

this age when enginL^ering is the profession par excellence, the time 

cannot be far distant when the engineer will be accorded his prop«r 

atandiug. 

Tours faithfully, 



Mr, W, H. DlTGDALK said ho was plcRScd at having an opportunity 
r»r exprcsaing his appreciation of the important subject which Mr. 
Mi:)ri8on had so ably brought bi^fore this Institution, and desired to 
point ont that some of the remarks which had been made might, he 
fcarefl, lead to a misconception as to the real object and intention of the 
paper, althougli the author most clearly defined it in the titk, md amplified 
it in his introduction, and especially on page 209. It was not merely 
a question of underpay, and lack of title and power, prompted by naval 
engineers to rectify their disabilities. It was a broad and abstract 
(|Uostion of national importance taken up by this Institution ao Mr. 
Morison's suggestion, because they felt that the engineering institutions 
of the country were the only bodies which could adequately discuss the 
(juestion from an absolutely impartial point of view. 

The question had been asked l)y him of the speakers why the 
Admiralty had not taken up this matter and put it right ? And they 
were further asked is it a disinclination to spend more money ? Xo, 
that is not the reason. He believed tliu reason was simply because 
neither the Admiralty nor yet those who had referred to the matter in 
the House of Ccmimons fully realized the imi)ortancc of the matter, nor 
the absolute necessity of a radical clianue in the ]»resent re.u'ime. JiCt 
(hciii for a moment i:iaiice at the liistorv of their Navy and they found 
iliat from its earliest dnys until early this century the de\elojtment had 
litcn \riT slow indeed. For instance, as the iralleys increased in size and 
two oi* three banks of rowers were re(|uii"ed, a deck was added foi- the 
wai-riors and iiropulsion assisted hy canva^, and thus about :i,t)0O years 
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ago they had the progenitor of their famous wooden walls : the progress 
from that period being gradual and tentative. The armament too made 
comparatively slow progress from the introduction of gunpowder until 
early in this century. And what of the naval officer ? From the old 
warrior fighting with primitive ships and primitive weapons, his qualifi- 
cations being simply indomitable will and physical endurance, he became 
an executive officer having larger responsibilities, more varied duties, and 
had to fight other navies with similar ships to his own. Still there was 
nothing in his ship he as a sailor could not undertake. His profession 
was surrounded by a halo of adventure and romance ; was exceedingly 
popular, and there was no difficulty in getting sufficient men of the very 
best description. But the introduction of iron and steam made a dis- 
tinct change, and the development during this century had been remark- 
able. The handling of a battleship at the commencement of the century 
was essentiaUy an art, to-day it was distinctly a science. The earlier ships 
propelled by steam had simply a primitive set of engines and only re- 
quired a man to drive them— an artisan— a man whom the naval officer, 
justly proud of his traditions, considered was socially and intellectually 
beneath him, and a sort of necessary evil. But with the advance of 
engineering science, they now find practically every known branch of 
engineering brought into requisition : steam, electrical, hydraulic, and 
pneumatic. As Mr. M orison said, the modern battleship was the very 
embodiment of engineering science, and the engineer produced the power 
and maintained for its every organ, its vitality and utility, and the naval 
officer had merely to navigate the ship and perform executive duties. 
What was the result ? The engineer officer now must be a man with 
scientific attainments and he conversant with the principles involved in 
the various branches of engineering which were under his control, in short 
he must have a college training. The Admiralty recognised this and 
insisted upon it, but they did not realise that although they required men 
of the same social and higher intellectual attainments than the executive 
officer they offered absolutely no inducement which would attract men to 
this important branch of the service, but threw obstacles in the way. 
The college fees were higher, the pay lower, and the rank inferior to the 
executive branch, and they api)eared to foster the unwarrantable class 
distinction which had existed so long and which was largely at the root of 
the evil. Mr. Morison had most clearly pointed out the various dis- 
abilities under which the naval engineer existed, and he could add nothing 
to what he had said. His (Mr. Dugdale's) object was to emphasize the 
gravity of the situation from a national point of view, and the fact that 
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it was from a seBse of datj bo our country that thia Institution brought 
the question forward, and asked kindred imtitutionB to join them in 
omleaTonriiig to avert the danger which threatened the country. The 
naval enginears oould not combine to point out the anomalous position 
they occupied, l>e€4;use their action would at once be misconstrued into an 
agitation to rectify personal and petty grievanceB ; and attbongb the 
Bucceas of their endeavours would naturally result in the renjoval of many 
of the naval engine<;rs' grievance&, and, he hoped, would give him the 
position and advaotagea to which he was so justly entitled^ they wouJd 
have accompliahed a stiLl greater object ; they would have assisted in 
popularising the engineering branch of our premier service, and have 
contributed to the suceeBs and efficiency of the >ravy, which wns so 
essential to the progress, safety, and welfare of the country. Of course, 
oue of the great difficulties they bad to coDteud with was tht^ innate 
conservatism of the Admiralty, who liare always been chory of adopt ini; 
necessary reforms (they opposed the removal of maets and yards from 
steam vessels, opposed armour chwis, opposed l)reecb -loading and quick- 
tiring guns, and opposed increase of the fleet) ; and anotbtii- difficulty w^is 
the natural opposition of the senior executive officers, who, of course^ ft!lt 
they were capable of perfonning all the duties hi^olved by a morlerii 
battleship. It was, therefore, incumbent upon their ajid kindred Insti- 
tutions to clearly point out to the country at large, and tbose who 
represented them in Parliament, the inadequacy of the prt^ent system 
and the absolute necessity for a radical change. Sir Benjamin Browne at 
their last meeting stated that as the Royal Engineers were to the Army, 
so ought the naval engineers l)e to the Navy. That he thought could not 
be l>etter illustrated than by an incident which occurred during the recent 
siege of Ladysmith, V)y which they could see that if no naval engineer 
officers had accom})anied the naval brigade the result of their operatic) :.s 
might have been been very different. The 4-7 gun mountings which 
Capt. Scott was said to have designed naturally proved somewhat defective 
after a few rounds were fired, but luckily there were two naviil engineer 
officers, and 2 E.R. artificers among the party, and the fieet engineer of 
the " Powerful " had thoughtfully sent a portable forge, anvil, angle 
bars, bolts, etc., so that when the bolts which secured the timber 
IVaniework slieai'ed, the eni^ineer officers took the cirriaues to j)ieces, 
t'orii'ed new bolts, and re-made the carriages, and as they could not do 
the work during the day, on account of the I)oers liring on them, they had 
to erect them at night, and did it in two consecutive nights. Then to 
lilnuineer Sheen belonged the credit of making distillers out of a lot of 
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f " copper piping, turning it into coils, and using a railway watering 
tank for its circulating water supply. He got his apparatus rigged up, 
and upon the third day after starting he was making at the rate of 
15,000 gallons per day, and kept the troops going with fresh drinking 
water for a couple of months until the coal supply for his boiler ran out. 
This saved many deaths from enteric. He simply mentioned that to shew 
that even ashore the naval officer would have been severely 
handicapped if he had not been supported by naval engineers. Their 
necessity on board ship was of course obvious. The recent Admiralty 
concessions were unsatisfactory, as the real question had not been 
touched. Naval efficiency would never be gained until there was 
essentially but one class in the service, and they must have an 
engineering training ; so that every officer of the two great branches 
must be to some extent interchangeable. The doctor and paymaster 
elements did not enter into the question, excepting that the paymaster 
could be abolished altogether and his place taken by a fighting officer 
''Engineer cum Executive." The American system approached effi- 
ciency more nearly than any other, and would succeed when the 
executive American N.O. loyally accepted the new situ^ion and worked 
to qualify himself for engineer watch-keeping and other duties. The 
engineers in their Navy did a very large proportion of the important 
work of the ship now, and could easily take up executive duties, with a 
modification in their early training, the only thing needed in such a case 
would be to increase the number of engineer officers. Beyond the 
navigation and drill, they practically did aU the work. What did a 
torpedo lieutenant do, except draw 4s. a day, the engineers kept the 
tubes efficient ? Any one could press a button, but who kept the 
button in working order and so on ? They were, therefore, perfectly 
within their rights in advocating executive control over their own men, all 
working officers should be executive and military. The present naval 
executive officer and the Admiralty Board as now constituted would 
never consent to confer military rank on the naval engineers nor to fuse the 
two branches, because they probably felt that, given equal chances, the 
scientifically trained engineer would be bound to come more and more to 
the front, and so in time would displace their own protegees from 
command and good billets. Now it was not the object of Mr. Morison's 
paper, nor yet of their Institution, to try to displace the naval officer, of 
whom they were so justly proud, by men of a different class, but they 
desired to bring about such changes in the present regime as would 
make the profession of the naval engineer to be as much sought after as 
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that of the present execotiva officer, especially as each year made the 
eDgtneeriug branch of greater importance to the efficiency of the serrice. 
The engmeers' demand for tnilitary titles and real rank was certainly not 
a matter of sentiment. But it was a very natural desire. The 
engineers were efieentiaHy a military branch already but were denied 
position and rank, RHative rank was not rank at all, Wonld the 
pn*sent executive officer care to drop hie rank and the dignity Ms title 
conferred ? Rank and dignity were the essentials of proper command of 
men by officers. Were the engineers not entitled to it then in order to 
properly administer their department ? He regai'ded the demand for a 
separate engineer corps with military titles, and power to award pnnish- 
ment, and look after the discipline of their own men^ w, but a step 
towitfdfi the complete efficiency of the Navy, and that would not be 
secured until there was but one class in the service, i>,, the ** fighting 
workers " or the ** working fighters" of the ship. In the old days the 
seamen made sail, repaired masta and yards, and fonght the ship, m in 
the modem days the engiiieer should repair steam and other machinery, 
and tight the ship. It had been B;iid that the na?y engineer wished to be 
captain ; that waa not bo ; neither did they advocate it. The position had 
been very aptly compared to a tuning fork, the stem of which reprei^ent-ed 
the captain, the two prongs, the two great brandies of the servicBj and 
unless they synchronised or worked in unison the result w^iuld he 
imperfect- If all were trained as engineers to start with, there could lie 
no jealousy, they would all be one set, one branch, this was the true 
solution of the problem. The remarks he had just made might l)e 
briefly summarised into two important demands. 1st. The engineer 
being such an important factor in maintaining the efficiency of the ship, 
and having such a large staff under his control, should of necessity have 
the necessary rank and authority to maintain discipline ; and inasmuch 
as they had to perforin executive duties, and were essentially fighting 
workers, their rank should be executive and military in the same manner 
as the engineering section of the army. "Jnd. J^eeing the paramount 
importance of the engineer officer in a modern fighting ship, the oflicers 
of the two l)ranches sliould be to some extent interchangeable and that 
tlicii- cni'ly training slionld l»e the same. Tiiis hcing the system which 
ii;i(l bet-n with advantage ndojded in the American Navy. Tiie other 
'ivy'Al jioiiii which Mr. Morison had j'eferred to hut which had not been 
-ullicicni ly euiphasistd in the discussion was the necessity for eniiineering 
npi-cscntat i\cs upon the Adniiraltv l)Oar(l because tiiere were so many 
• i nest-ions of policy, of efficiency, and }»er>oinu'l, upon which engineers 



DISCUSSION — THE BBITISH NAVAL ENGINEER. 289 

only could speak with authority. And regarding the personnel, it was 
useless spending millions upon producing perfect fighting machines, 
unless they made the personnel which was to handle these machines 
equally perfect. If therefore they could in any way bring about a 
reform at Whitehall upon somewhat similar lines to those indicated, 
they should have done something to popularise a branch of the service, 
which, although most important, was also most unpopular, and had 
rendered a national sei:vice inasmuch as they would ensure the 
maintenance of the historic and traditional prestige of our British 
Navy. 

Mr. J AS. Stewart did not think this subject was one which readily 
lent itself to discussion, and Mr. Morison had covered the ground so well 
in placing the facts before them that he thought the best thing they 
could do was to study those facts and do all they could to disseminate 
information on the point. The facts, he thought, spoke for themselves, 
and one could not read nnd study the paper without realizing their im- 
portance as well as the urgent need for reform. The hope of reform lay 
in the pressure of public opinion, hence the importance of making the 
facts as widely known as possible. 

There was one thing he should like to mention, and that was the 
interest that had been taken in this subject by the Institute of Marine 
Engineers, as was shown by reference to their published Transactions, He 
had found it interesting at the present juncture to look through these, 
and noticed that in February, 1896, a paper had been read by Mr. Frank 
Cooper on the " Engineers of the Royal Naval Reserve," and in October, 
1898, one by Mr. Jas. Adamson on " The Marine Engineer." These 
papers, and the discussions they gave rise to, were a valuable contribution 
to the subject brought forward by Mr. Morison, and that the Institute 
referred to was fuUy alive to the situation was shown by the repeated 
references to the subject in their discussions, and at their annual meetings, 
prominence being given specially to the urgent need for an improvement 
in the status of the engineers of the Royal Navy, and to the necessity of 
having a representative engineer on the Board of Admiralty. 

He was very glad to find that the Council of this Institution was 
taking steps to act along with other institutions, and he thought he need 
have no hesitation in saying that they would have the hearty co-opera- 
tion of the Institute of Marine Engineers, whose membership, he might 
mention, included such influential names as Sir E. J. Reed, Sir W. H. 
White, Sir A. J. Durston, Sir J. Fortescue Flannery, &c. ; and the present 
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President, Col. Denny, M.P,, had shown considerable interest in ttiis 
same subject, 

Mr* J* H. Heck said it waa a pleaenre to Bpeak on this very interest- 
ing paper. He tijought thei'e could be vei^y little question abont the 
point that an increase in the nomb&r of the engineers meant an inerea»<3 
of the efficiency of the Navy, Tn the paper and remarks, reference had been 
made as to tlie difference in status between the enifineers of the U,S, Navy 
and of the British Navy. If this was so, he thought it should not be so» 
There was something which seemed to deter young njon of good edumtiou 
and ability from eutering our Navy, he thought the most weighty 
remark made in the discussion was that made by the President (Sir 
B* 0. Browne) that the naval engineer should ho to the Navy as the Roynl 
Engineer is to the Army, and Mr, Heck considered that if this 
|«iper wasj to be read or discussed by other societies the views of this 
Institution could not be better expreeted than by the sound proiiortiou 
pnt forward by the President. 

Mr* Rout. Thompsoit (Paat-Pi-esident) remarked tljat he had been 
Twy much interested in the paper, and he could endorse all that hmllsjcn 
flaid by Mr. Dugdale. He thought Mr, Moriison had an-angod bis point^s 
very clearly, hnt to discusa the paper he should have prt^ferred to liavc 
been in the Navy for a few years. He did feel this, however, that an 
engineer officer ought to have a better status in the Navy than he had 
at present. This paper and discussion appeared like the old fight they 
had in the mercantile marine between the engineering staff and the staff 
on deck. They had recently seen how very near they might be to dis- 
aster. He thought the personnel of the Navy should be put right ; the 
staff not only increased in numbers, but the status defined, so that the 
engineers might have considerable power in their vessels. As was clearly 
shown by ^Ir. ^lorison, the engineers had not only charge of the motive 
power of the ship, but of tlie pneumatic and hydraulic arrangements for 
the guns, and also the electrical plant. The engineer was becoming the 
rsseuce of the lighting power of the ship, and his full authority ought to 
W ivroLzniscd in connection with the engine-room. The staff should be 
ill. rrasftl in nunilx rs, and having scientific attainments should he Lriven 
:iii (^proii unity for their altihty to come to the front, liv these means 
r.\ wonM ol.iain a more ethcient statV than at present. He thoiiLrlit 
■^:. ;i'';i-ni;iti»'n of the priiirinlrv emlunliul in the roolir ion to he >ul)- 
!; -i*! : 1 tiie moeMii'j would eventually do some L^ood. The discussion 
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of this paper so far away from headquarters wonld not, perhaps, have 
very much effect, but he did think a report drawn up by various com- 
mittees would put the facts beyond dispute. He believed the account 
of the discussions in the House of Commons as given by Mr. Morison was 
absolutely correct. He looked forward with considerable interest to the 
report of the proposed Committee, and through the proper quarter it 
should have considerable influence; and if the grievances complained of 
were removed the paper would have attained its object. 

Mr. Henry Withy (President-elect) said that he could not claim to 
speak on this paper with an intimate knowledge of the subject, but could 
only base his opinion on the particulars given in Mr. Morison's paper, 
and on the information deiived from various other sources. It seemed 
perfectly clear that the great increase in the Navy had not been followed 
by a corresponding increase in the personnel, and particularly in the 
engineering branch, which from its importance should have received the 
first consideration. That was an indisputable fact, and in the interests of 
the nation should be put right with the least possible delay. Members 
of institutions such as this although they might not be intimately 
acquainted with the minute details governing service conditions of work- 
ing, yet collectively they possessed a broad knowledge of the subject 
which enabled an accurate opinion to be formed which should be of 
considerable value to those responsible for the efficiency of our Navy. 
There was no doubt whatever that engineer officers should have 
executive control over their men, and it was quite a revelation to the lay 
public to find that such was not the case. If an industrial establishment 
were conducted on the same lines as the engineering branch of the Navy 
and no power given to the chiefs of departments over their own men, 
ultimate commercial ruin would be the inevitable result, as the mainten- 
ance of a high standard of efficiency would be impossible. That 
unfortunate system was also no doubt primarily responsible for the small 
number of engineers who desired to join the Navy ; but if the various 
disabilities were removed there was no reason why the engineering branch 
of H.M. Navy should not be as attractive as the other branches, and 
draw equally good men. No better proof of the general position as 
regarded insufficiency of numbers was afforded than the fact that over one 
hundred officers of engineer rank were called upon to undertake the 
responsibilities of chief engineers ; surely this was a most alarming state 
of affairs, and clearly showed that the number of chief engineers should be 
largely increased. To those who realised the present high standard of 
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mechanical enpneering In the Navy it was apparent that the en^iuotii* 
offia^TR should be highly trainee! men. The large numbers of intricate 
auxiliaries un a modern battleship, all of which reriuinod skilled attention 
imd an intimate knowledge of their details, were diatributed throughout 
the ship, and in action a large number were in po<?ition9 which wouUl Ik; 
priu.*tiGally isolatedj bo if in times of peac^* the complementB of skilled men 
were insufficient how were they going to manage in time of war. It was 
abnadantly evident that it would he eonrting disaster to employ men to 
lofjk after the complicated iDeuhanism of a warsliip who bad no training 
m anch matters, m although they might be good engineers in a general 
si^nse, they would be of no pnietical ase in dealing with machinery of 
which they had no previons knowledge. For example, there are engines 
and appliances whose motive power was steam^ hydraulic, pneumatic, and 
electric, in connection with the prapelling machinery, gnm, toi-pedoes, 
hoists, lighting, signalling, pumping, &c., each constitnted a bmnch, 
and mch branch itri][uiTed officers and skilled men who were intimately 
accpiainted with their every detail, and when it was realised that the 
engineer officers of the higher ranks required that intimate acrjuainiant^e 
of the detaUa of every branch, then it was not diflicult to conceive how 
abflolntely necessary for efficiency it was that no effort should be spared to 
make the engineering department in H.M. Navy so attractive as to 
induce our best engineers, not only to join the service, but to feel ao 
contented and even enthnaiastic after joining that they would give their 
best work to the service of their country. The proposed committee was 
a great step forward as it would enable the question to be fully con- 
sidered and so give the members of this and kindred institutions an 
opportunity of expressing an emphatic opinion upon this national 
subject. 

Mr. I). A. Bremxer (by invitation) said that not being a member he 
might perhaps be allowed to congratulate the Institution on the effective 
manner in which it had identified itself with this very important 
(|uestion. lie regarded the resolutions, which he understood were to be 
put to the meeting that evening, as significant murmurs whieh would, he 
trusted, iiltiiiiiitely swell into a loud note expressive of intelligent public 
opinion. As an eu'^incer wh) liid devoted eonsidei-able attention to the 
• jU" >ti«>]i of t'liLiineering in the Navy, lie was irlad to have an opportunity 
nt coiniilctrly endorsing all that Mr. ]\Iorison liad stat.ed in In's paper. 
lie ( (.uld tind no tr.iee of citli-i- exairgcrat ion or ili>tortion of the aetnal 
!;i< i>. Oiir 'jreat dillienty, in eonnedion with the suhjeet under 
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discussion, was that its somewhat complex and technical character made 
it very difficult for the lay public to attain to any full comprehension of 
the various facts brought to their notice. He, therefore, considered that 
it would be one of the most useful and important duties of the Engineer- 
ing Committee, which it was proposed to form, to enlighten public 
opinion, because "the man in the street" would attach considerable 
weight to the utterances of a committee of experts, on a question which 
it was obviously impossible for him to subject to his own personal 
analysis. He thought that the necessity for thus educating and arousing 
public opinion was shewn by the remarkable degree of apathy evinced in 
relation to the question, not only by our Members of i^arliament, but by 
the newspaper Press of the whole country. He referred to the daily 
Press, and not to the technical and service Press, which had in many 
notable instances persistently and intelligently advocated the cause of 
reform. Unfortunately, however, these sections of the Press appealed 
to but a very small proportion of the people. In his opinion, confidence 
in our military and naval services varied inversely as one's knowledge of 
their constitution and operation. The degree of public ignorance which 
existed made it very easy for the representatives of the Navy in 
Parliament to indulge in the expression of all kinds of optimistic 
platitudes. Their statements generally passed unchallenged, and the 
nett result of this, in conjunction with a great deal of twaddle which 
appeared in the newspapei*s, was that^the public reposed a degree of 
unquestioning confidence in the power of the Navy which was scarcely 
warranted by its actual condition. He did not for one moment wish to 
advance the absurd proposition that the Navy was generally and 
hopelessly defective, but he did wish to most emphatically assert that 
the engineering department in the Navy of to-day was one of the most, 
if not the most important link in the chain of naval efficiency, and if 
that one department were defective either in material or personnel, the 
fighting value of the whole naval organization became terribly discounted. 
They could all remember how, on the occasion of the Jubilee Naval 
Review, the British public indulged in paroxysms of self -congratulation 
on the ability of the nation to make such a magnificent display of naval 
power ; but those who were able to defy the hypnotic influence of the. 
pageant, and could turn a critical and enquiring eye into the engine- 
rooms of the fleet, knew that many of the ships assembled in majestic 
array were not provided with such engine-room complements as would be 
absolutely necessary in time of war, if they were to undertake naval 
hostilities with any possibility of approximately realising their paper 
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V aloes. It might h^ thftt the fables which were circulated in this 
coantry iinpoeed not only upoo our own people but also upon the people 
of foreign nations. It was not the foreign publicj however, but their 
bighlj trained naval experts whom we would be ealled upon to fight^ and 
it was safe to assume that fcbey were perfectly well acquainted with all the 
joints in onr armour. When called upon to engage an enemy, the value 
of our ships would be meaflored by their actual perfonnanceB, and not hy 
those paper valueSj wMch had been so often and so carefully scheduled in 
so-called expert comparisons of the uaval strengths of the different 
nations. That was very clearly shewn in the course of the recent Spanidi- 
American war. Shortly before the oatbreak of hostilities The Engimer 
undertook to analyse the lighting values of the two navies, which wiare 
shortly to lie brought hito opposition, with the result that the chances were 
shown to be in favour of Spain. The spectmjle of the H-knot " Oregon ** 
overtaking the 20-knot "Cristobal Colon" at the battle of Santiago 
clearly revealed the enormous value of an efficient engine-room staff, aod 
atTorded an object lesson which no naval power could afford to ignore. 

In the course of the present war in South Africa, they had heard a 
great deal about the mobility of troops, and he Ixad not the lightest 
doubt that in the course of the next naval war they should hear a very 
great deal about the value of mobility of ships* 

Mr. Sivewright, in the course of this discussion, had said that the 
public were to blame for the existing state of things. He qnite agreed 
that, under our representative form of government, the public were to 
blame, but in varying degrees, according to their knowledge of the 
(juestion at issue. He held that, in tliis case, the responsibility fell very 
directly and heavily upon the engineei*s and shipbuilders of this country, 
who inid exceptional facilities for becoming acquainted with the facte, 
and possessed the special knowledge required to draw from them correct 
deductions. He thought it was a fortunate thing for the country that a 
representative engineering institution had at last taken the matter up. 

The British were not alone in this naval engineering difficulty. It 
was an unavoidable stage in the evolution of the modern steam navy, 
and (|uiLe recently the United States Government had dealt with the 
whole (jiiestion in the bold and drastic manner eiiaraeteristic of that 
[ii'o'^ivssive nation. In future years men would, no doubt, look back 
wiili ainazriiicnt upon the eiVorts whieh were now ])eing made to inter- 
jViv wiih the natural course of evolution of the steam navy and its highly 
III- ( lia!ii(;il ai'niaments, hy cheeking the development of their logical 
(•(•rollary, ** riie lighting engineer/' 
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He did not propose to expend time in making mere confinnatory 
comments on the contents of Mr. Morison's very complete paper. He 
wished, however, to briefly mention one or two additional points in con- 
nection with engine-room complements. 

The following were examples of the complements of engineer officers 
carried on ships during the last manoeuvres : — 

H.M.S. "Andromeda," first-class cruiser of 16,500 H.P., carried 
1 fleet engineer, 1 engineer, 2 assistant engineers (each of two 
years' service), and 8 probationary assistant engineers with no previous 
service. 

H.M.S. " Argonaut," first-class cruiser of 18,000 H.P., carried 1 
fleet engineer, 1 engineer, 1 assistant engineer, and 3 probationary assis- 
tant engineers having no previous service. 

H.M.S. " Howe," first-class battleship of 7,500 H.P., carried 1 fleet 
engineer, 1 engineer, and 3 probationary assistant engineers having no 
previous service. 

H.M.S. " Nile," first-class battleship of 7,500 H.P., carried 1 fleet 
engineer, 1 engineer, and 3 probationary assistant engineers having no 
previous service. 

H.M.S. " Trafalgar," first-class battleship of 7,500 H.P., carried 1 
fleet engineer, 1 engineer, and 2 probationary assistant engineers having 
no previous service. 

It was surely reasonable to assume that these valuable ships, with 
their still more valuable freight of human lives, would not have been 
sent to sea, to participate in manoeuvres, with such inadequate comple- 
ments of engineer officers, if the Admiralty had had at its disposal a 
sufficient number of experienced men. 

In connection with the complements of stokers, it should be remem- 
bered that the whole of the men carried were not available for actual 
boiler room duties. 

A number, ranging from 30 to 40 in a large ship were deputed to 
perform greasing duties in the engine-room, to attend to the various bath 
rooms and messes, and to act as messengers. 

In time of war, on the very numerous occasions when it would be 
necessary to close the communicating doors between the various com- 
partments of the ship, the mobility of the engineering staff would 
be very seriously diminished, and it would appear advisable to carry a 
sufficient number of engineer officers and experienced artificers to enable 
a competent man to be stationed in the vicinity of each important item 
of the machinery and armament. 



296 DI8€C9aiON-TIIE nElTlSU NATAL BKOtKKER. 

He thought the truth of the whole matter of engiue-room com pie - 
meuts was that, under the existuig conditio ne, the ener^aes of the 
eng'iBeer officers and experienced artificers were, eveo in time of peace, 
very frequently taxed to the utmost limits of human endurance^ and that 
there was therefore no margin availahle to meet the extra atrain which 
would be thrown on thena in time of war. 

It was sometimes urged that the institution of such refonm, as were 
now being advocated, would strike at the root of the whole system of 
naval discipline, but it appear«id to him that discipline must alwavs be 
founded on justice, and must operate for the common wealj otherwise it 
became simply an en pb onions synonym for tyranny. 

He did not place a very high value upon the reserves of engineer 
officers and skilled engine-room ration, which they were alleged to 
possess. 

He thought that, if iu time of war, the engine room staffs had to be 
composed to any great extent of men drawn from that source, their 
chances of achieving success would be somewhat imperilled, 

Eear-Admii'ul Melville, in writing on the experience gained during 
the Spanish American war stated that the civilian mechanics who 
volunteered for dnty in the engiueermg department of the Navy were 
very inefficient, thou^'h he did not in any way wish to cast ridicule upon 
men who had given their services in a patriotic spirit of self sacrifice, 
yet there was no use disguising the fact that they had not the special 
knowledge and experience required to make them really efficient members 
of the engine-room staff of a warship. 

He hoped that the Engineering Committee which was to be appointed 
would carefully consider the organisation of the Koyal Engineering 
College, and the system under which engineer officers were entered, 
trained, and subsequently promoted through the various ranks with 
gradually increasing responsibilities. 

There were some features of the training of engineer students and 
junior engineers which would appear to be susceptible of improvement, 
whereby the efficiency of the department would be greatly increased. 

At the present time there was every inducement for engineer officers 
to take thiiiLis as easily as circumstances would permit, as the usual 
rcwaiHl of those who were ahk' and zealous enough to attain distinct ion 
was an appointment to some [lartieularly irouhlesonie ship, where their 
li\(S wrrr made a burden to them, and their future careers were 
( iidaii-jvi-cd by excessive liability to breakdowns, due to causes which were 
iioi always within their control. 
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On the other hand, the officer who made it his bnsiness to follow the 
line of least resistance, and avoid any extra worry and responsibility, was 
likely to remain in ships where exceptional energy and ability were not 
required, with the result that, under the automatic system of promotion, 
he rose through the various grades of rank and pay, at the same rate as 
the zealous officer, and managed to have a fairly easy time of it into the 
bargain. 

In engineering circles it was well known that but a very small percen- 
tage of those who entered the engineering professions became good 
engineers capable of filling responsible positions. 

In the engineering branch of the Navy the boy who possessed sufficient 
ability to pass the college examinations generally rose automatically 
until he became a fleet engineer and found himself in charge of the 
machinery of a great battleship. 

There were doubtless many difficulties in the way of dispensing with 
some such automatic system of promotion in a public service, but the 
subject was one which was well worthy of serious consideration. 

Fn his opinion, another very important duty, which should be under- 
taken by the Engineering Committee, was the formulation of specific 
questions to be addressed by members of Parliament to the responsible 
ministers concerned. In reading a large number of Parliamentary 
debates on service questions, he had been struck by the remarkable 
ease with which Ministers were able to avoid the real points at issue, 
but he thought that a committee of engineering experts would be able to 
draft questions which would defy even officially inspired ministerial 
powers of evasion. 

In the course of this discussion, it had been suggested that the 
committee should study the conditions existing in the engineering 
departments of foreign navies, and whilst he thought that a great deal of 
invaluable information might be thus obtained, he trusted that the 
committee would not become pervaded with a feeling of contentment 
with their own state should they chance to find that they were not worse 
off than some of the other naval powers. 

As a nation existing simply by reason of its paramount sea power, 
it was their duty to lead, and not to follow, in the practical application 
of those principles which science, practical experience, and common-sense 
indicated to be most conducive to naval efficiency. 

Mr. George McFablanb, of Glasgow (by invitation), thanked the 
President for the opportunity given him of expressing his interest in the 
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Bubjecfc of Mr* Morifion^s paper. The facte wbiGb were brought so 
clearlj before tbem were so etartliug even to marine engineers who were 
mfcimatcly acqnaiofced with fcbe condibiona prevailing at sea, and the 
consequences of such a state of matters in a naval war would be so dis- 
lustrous, that a truly uHbional service would be rendered by the various 
inatitntions of this country if the subject were dealt with in the manner 
propose] by Mr. Morison. He was not empowered in any way on behalf 
of the Institution of Engineers and Sbipbuildem of Scotland, of which 
he was a member, but he had no doubt whatever that the President and 
Cooncil would give their hearty co-operation and take up the matter in 
the same enthuBiastic and patriotic spirit as h^ the North East Coast 
Institution. He was of opinion that if the Government could be made 
to realise the dangers involved in the present system that the necessary 
alterations would be made. The executive staff had firactically no 
engineering knowledge or experience, bo that their advice was naturally 
conservative and prejudiced ; but a great awakening would come in the 
event of a naval war. 

The engineers of the nation had no personal ends to serve in this 
question, as their only desire was to embody in a report their collective 
opinion on the great national question of the engineering persomie! of 
H.M. Navy with the object of averting possible disasters. It had been 
suggested that such a report would be disregarded^ and that the power 
of those in authority would be great enough to swamp it, but a wHfal 
trifling with the interests of the nation was not a policy which would be 
tolerated by those who were responsible for the welfare of this great 
empire. 



Mr. F. W. G. SxooK said there was one point in this paper, on page 
199, which needed comment. It was "the effect of the policy of repres- 
sion is discontent, and when parents appreciate the present position they 
will very naturally dissuade their sons from l)ecoming naval engineers.'' 
That was in itself an undoubtedly serious state of affair's, but when, as 
at pre-ient. it was clear that the engine-rooms were undermanned, it 
would be incurring grave responsibility to appear to aoree with the 
advice that p irents should refuse to allow their sons to enter the Navv 
a> t'n'j:iii''('rs. l-'or iifter all, while tbf naval <'im-ineer naturally regarded 
Ills ])()<iti()ii relatively to the other ranks in the service, that was scarcely 
I he ])()int of view of the parent, who mnst regard it relatively to the 
])osition of the enu'ineer outside the Xavy. Kverything Mr. ^lorison 
h:i(l s;ii(l in this paper was ]»ei'fec(ly riiiiit and <:oo(], and none too 
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strongly put ; the engineer in the Navy was not fairly treated and as 
the best interests of the country demanded that he should be. But at the 
same time he thought the parent must consider the question not so 
much as one of relative rank as of relative well-being for his son. To 
take the case of a man who entered the service ; at the age of 35 years he 
would have, say from £250 to £300 a year, at 45 years of age he would 
have, say £400 a year, with a reasonable assurance of retaining it to the 
end of his life, but whatever his abilities he would get no more. On the 
other hand were he to remain outside the service he might with luck 
and ability make many times the amounts mentioned, but it was very 
doubtful, and he would be of the class of exceptions. Thus the parent, 
by prudence, was forced to regard the case of the average man, and he 
(Mr. Snook) questioned whether the average man outside the service 
would get even as much as those amounts mentioned ; but if he did he 
would have to work to the end of his life, or within a measurable distance 
of it, whereas at the age of 55 the naval engineer retired. Those were 
the considerations confronting the parent. As this question was so 
important and likely to become a national one he thought it well, when 
this Institution was about to take it up, that there should be avoided 
all expression of opinion, such as that spoken of, which might be con- 
sidered as advising or sympathising with an attitude detrimental to the 
best interests of the country's defence. He thought it would have an ill 
effect on public opinion, which would presumably have its part to play in 
this question. The post of " devil's advocate " was never pleasant. He 
wished it to be clear that he thought the naval engineer was not paid or 
treated as he deserved to be, and that he simply failed to see the advis- 
ability for the reasons stated of parents keeping their sons out of the 
service. He had no desire that his words should be regarded as in any 
way combating Mr. Morison's remarks. 

Mr. J. H. Buchanan said that he approached the question with 
some hesitation, as many parts of it required a close aquaintance with 
the details of service in the Navy, but he considered there was one point 
on which they as an Institution were specially qualified to express an 
opinion, namely, that the state of trade had little or nothing to do with 
the supply of engine-room artificers. The impression that the want 
of men for these ratings was due to the amount of other employment 
offering was, he believed, quite an erroneous one. The class of men who 
were wanted as engine-room artificers would not be readily obtained 
under the present conditions no matter what the state of trade was. 
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DoubtlesB other members had found in their practice, na he had done, 
that the supply of yomig men for engagement as an^eers in the 
Mercantile Jlarine was practically Dot affected at all by the state of 
employment on shore, and that those ivho thon^ht of going to sea wonld 
go irrespective of the state of trade. But the fact was that aeryice as 
engine-room artificers was, in the eyes at least of marine engineering 
meclianics, liopelesslj utipopnlar. What the conditions would have to 
be to change this state of things he had no doubt the Committee to be 
appointed won Id he able to advise the Admiralty^ and he wonld not 
attempt to go into details that night, as he believed they, as an Institntioo, 
were fully conversant with the means required to secure the type of men 
wanted in ample numbers. He would like, if Mr. Morisonj in his reply^ 
or later, would add some information on the cost of training engineers io 
several other branches of the profession. He thought the tignrea on this 
seemed incomplete. He had lieen asked by one or two people, after 
reading these figures, how they would compare with the training of an 
engineer — say for euch a position as Mr. Morisou himeelf held- It 
wonld add very much to the value of the paper if he could give that 
information in the TramactionB. The paper would become a standard 
work^ he bad no donbt, and that informatioti would be most useful* 

Commimications received by Mr. D, B. Morisoo : — 

Bute Docks, Cardiff, 
Dear Mr. Morison, Marc/i 24/A, 1900. 

I have read your paper with very great interest, and the revelations 
are so serious that it would appear to be evident that those in supreme 
power are unaware of the dangers of the position they persist in 
sustaining. If this is the case, then a system which may bring disaster 
on the naval power of the nation through technical ignorance should be 
amended with the least possible delay. It is not to be expected that 
Admirals can understand marine engineering and follow its rapid 
developments with the confidence necessary foi the highest efficiency of 
the service, juid even if the engineer-in-chief had a seat on the Board 
of Admiralty he would he in a minority, his o])inions would be 
fivijucntly ii,niure(l, and his clVorts misunderstood. There should he a 
rciurscntation of the engineering l)i"anc]i on the I'oai'd e<{nal to that of 
the I'Acciuive, and at least in ])i-o])orii()n to its jtei'sonnel. Until that 
is -^ciiivd, eonscrvative )H'ejudic(^ will stop ])rogress, and some day theiv 
will he a i<'iril»le ex])osui-e wlien the public will learn too late how great a 
fa'-Inr rii'iine<'riiig is in naval success. 
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The committee of inquiry which has just completed its labours was 
composed not of engineers, but entirely of executive officers and 
politicians, and although the absurdity and national danger of the 
present system is known to every engineer who has considered the 
matter, yet, practically the only result from that elaborate inquiry is an 
increase of a shilling per day to engineer officers and a paltry adjust- 
ment of that meaningless title " relative rank." Surely with such an 
exhibition as this it is a matter of duty for every engineer to warn his 
fellow countrymen of the dangers ahead, as onlj by the pressure of 
public opinion will it be possible to overcome the intense prejudice 

which undoubtedly exists. 

Yours faithfully, 

J. H. Hallett. 

Ked Cross Chambers, 
Red Cross Street, Liverpool, 
Dear Mr. Morison, 2dfh March , 1900. 

I have carefully read your paper with the greatest interest, and 
commend you for taking up a matter of such national importance. I 
also congratulate you for the able and concise manner, combined with 
the common sense way in which you have given particulars and 
expressed your views. It has given me an insight into the position of 
the naval engineer which I never dreamt of, and I can scarcely credit 
that such a state of things is allowed to continue. Your paper sets 
forth everything so clearly and fairly that I cannot see there should be 
any adverse comment upon it, and I agree with it in toto. It appears 
to me a gross scandal to the intelligence and advancement of this great 
nation that the Admiralty Board should consist of Admirals who know 
nothing of engineering, and whose record since the introduction of 
steam has been one of intense prejudice and most bitter opposition It 
reminds me of being very much the same as existed in the Mercantile 
Marine years ago when there was continual friction between the 
engineering and deck departments. In those days when steamers began 
to take the place of sailing vessels, the old sailing ship captain, when 
transferred from a sailing craft to a steamer, naturally had no know- 
ledge of steam or the duties in an engine-room, and frequently called 
upon a considerable portion of the engine-room staff to perform deck 
duties when entering and leaving port, irrespective entirely of what 
might be required below. The obvious result was discontent, decreased 
efficiency and general demoralisation ; but owners soon found out that 
such a condition of affairs was commercially impossible and the 



SOS DISOUBSIOIT— THE BRITISH 17ATAL EKQINEEB, 

departments were separated. In the Navy, however, notwithstanding 
that the evCB are more pronoanced and more dangerous^ there ia not 
only no desire to inafcittite reforms, hut the most persistent efforts are 
made to bolster np a position which ia untenable from either a common- 
sense point of view or from the great standpoint of national interests. 

That stupid jealousy should be allowed to play such a part in a 
cation's safety is incredible^ but that ie the sole reason why the 
engineer hns not been recognised and his vahie appreci'ited ; the result 
is that the fighting power of our Navy, on which ^uch enormons sums 
are expended, is impaired to an extent, the seriousnesg of which can 
only be rightly estimated by the professional engineers of this country* 

I therefore enter my strong protest against the present condition of 
the engineering branch of the Navy and the status of its officers, and 
will have great pleasnre in assisting in any way I can in the efforts yon 
are now making to expose the dangers and promote reform. 

Tours faithfalljj Quo. Hefbubit. 

2a, DEURT LANB» LlVEftPOOL, 

Peah Mb. MofiisoSj 3faf/ 30/A, 1900. 

A peruaai of your interesting paper dotting forth as it does the plain 
truth with regard to the engineering personnel of the Navy, clearl/ 
indicates that the eogineera of this country should so educate public 
opinion that those in authority will be compelled to realise the dangers 
surrounding the position. 

To those who are acquainted with the facts, it is well known that 
the engineering branch of the service is at present not very popular, but 
the wide discussion of your paper will extend the knowledge regarding 
the unsatisfactory status of engineer oflxers, with the result that it 
will be increasingly difficult to get men to join the reserve, and parents 
will cease sending their sons to be engineer students. 

Your paper bristles with points on which much might be said, but 
as regards complements, I find that, according to Admiralty allowances 
for manning the engineering branch of efTcctive ships built and building, 
there is a shortage of approximately 300 engineer officers, 250 
artificci'S, 7,9<>0 stokers, and it should not be forgotten that the 
Admiralty allowances were based on conditions that existed before the 
iiiirodiiction of water-tul)L' l)oilri's, or the great developments in marine 
111 KJiiiu'rv and auxiliai'ies wliicli have taken place during the last ten 
vtiii's, all of which require more skilled attention ; so that with the 
immensely u'reater I.II.P. a correspondingly increase in the pei-sonnel 
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generally is necessary, particularly in the stoker ratings. If as a 
moderate basis we take a 25 per cent, increase as beintr absolutely 
essential, inclusive of an average allowance of say 7 per cent, for sickness 
and in hospital, the deficiencies would be, engineer officers 650, artificers 
1,100, and stokers 15,000. 

In time of war it is idle to expect that patriotism will extend to 
the engine-room and stokeholds of H.M. ships to the same extent as any 
other branch of either the Army or Navy, as not only is the work of the 
hardest and most trying character, but the disabilities of the entire branch 
are so obvious as to effectively damp anything in the nature of enthusiasm. 

To those who are interested in the welfare of the country, and who 
have taken the trouble to analyse the facts in connection with this 
subject, the present position produces a feeling of intense depression, for 
the question naturally arises as to the reason for the persistency with 
which all proposals or suggestions for reform are blocked, and why it is 
that the executive branch is so bitterly opposed to the engineers in the 
service. The answer appears to be that no real progress can or will 
be made until engineer officers are formed into an executive corps with 
an effective representation on the Board of Admiralty, and the fact that 
this is not granted after repeated reports from committees of inquiry 
seems to indicate very clearly that there is a strong and unreasoning 
opposition somewhere. 

Yours faithfully, 

Chris. Geddes. 

Mb. D. B. Morison said — Before proceeding to reply to the various 
criticisms on his paper, he desired to express his appreciation of the 
interest which had been displayed in its subject by the members of that 
Institution, and he also wished to heartily thank those gentlemen who 
had been good enough to contribute to the discussion the valuable and 
weighty opinions formed upon their own experience and special knowledge. 
In his reply, as in his paper, he would endeavour to record bis views in 
language which would not be liable to the variable interpretations, so dear 
to those of our Parliamentary tacticians, who take a seat on the fence until 
they ascertain on which side it is diplomatic to descend. Their obvious 
duty as engineers was to give to the nation an expression of opinion on 
this engineering subject of national importance, and the value of that 
opinion would be at its maximum if it was fearless, straightforward, and 
untrammelled by personal or business considerations. Since his paper 
was submitted to the Institution, he had received letters from a very 
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large number of well known engineers iti this ooiintry, America, and on 
the Continent ; and lUthoygli thore liad been a very decided relactaiic3t3 
on the part of the Admiralty contractora to associate thcnifielves with the 
movement, their President, Sir Eonjiimin Browne, had mi an example of 
patriotism in this respect of wbicb this Institution might well lia proud. 
The discii^ion embraced so many points, maijy of whieh had been touehed 
upon by a number of &}wakers, that for the sake of hicidity and brevity, 
he hiid thought it lieat to group his replies under separate headiuge. Ta 
Sir Fortescue Flannery's commnnication they had many interesting facts* 
and a manly expression of opinion quite in keeping with his many 
persistent endeavours in the Honse of Commons to obtain from the 
Oovemment a recognition of the dangers which surrounded this great 
question. It mm somewhat difficult to determine Mr< MeKechuie's 
attitude, but he bad interpreted his communication to mean that ; — (1) 
The enjj^ineering department of the Navy is of essential importance; (!') 
the alleged elements of inefficiency in that department do exist ; (3) Reform 
is in the htglieat degree desirable; (4) Direct entry engineers lack the 
tmining and the habiti^ of naval life and disciplinCj which aix^ so easential 
for the greatest efficiency j (5) Admiralty contractoi's for naval coo- 
stnictive work are pre-eminently qualified for the auooeSBful advocacy of 
these reforms ; (6) It is a disi>lay of unwarrantable pessimism to 
??pri:ifi( ull y i^tate, and draw public attention to, the serious defects whidi 
undoubtedly exist. 

He was glad to find that Mr. McKechnie and himself were in com- 
plete accord on the four most imj^ortant points, l)at he certainly must 
join issue with him on his other contentions. He thought they could all 
safely feel confident that their young naval engineers would under all 
circumstances do everything which their numbers, natural abilities, 
training, and experience rendered possible, Init this was a very different 
thing from feeling confident that their naval engineers would, under the 
])articular conditions which now existed, l)e al)le to do all thnt the 
exigencies of wai'fare might demand. Apart from the limitations which 
I'estrieted experience would impose upon the capacities of the younger 
enirineers, there was a limit to the physical endurance of everv 
iiiciiilu'r of (lie eim-iiie-rooni stalf. fi'oin tlic cliief engineer down to 
1 lie iirwly enlisted stokei', and if, niidri- wjial may be tcrnie*! the more 
iK'iiii.il conditions of actual wai'r.-iiv, this })liysical limit was fi-e.jtientlv 
o\< iHcppt d, tlir lighting tflicicncy of the shijnnnst he dangeronslv reduced. 

li was somewiiat (lishciirteiiing to find that anyone who had ixad his 
pajxr could so Utterly fail to detect its keynote, as to regard it as a piece 
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of special pleading for the naval engineers. The national aspect of the 
question was the one dominant note which he had endeavoured to sound 
throughout the paper, and he was glad to say that this had been fully 
recognised by the majority of its readers. It was simply beating the air 
for anyone to warn this Institution against evils and dangers which, in 
this particular case, did not exist, and a study of his paper and of 
Appendix would reveal that the essential elements of a scheme for 
" reasonably moderate reform " were clearly set forth. 

With reference to Mr. McKechnie's concluding proposition, one was 
tempted to ask why it was that the pre-eminently qualified naval 
engineering constructors, if their close association with naval engineers 
had created in them the same deep interest in the subject of this paper, 
to which Mr. McKechnie laid claim, had not of their own initiative taken 
some serious steps to secure the removal of a national danger which lay 
so entirely within their own special sphere of knowledge. 

Mr. Brown asserted that the dearth of engineer officers was largely 
due to the stiff examinations in mathematics ; but in spite of careful 
enquiries he cpuld not discover that this contention was supported by 
any ascertainable facts. The mathematical papers in the entrance exami- 
nation for Keyham were certainly not inhibitive, and it was a rare 
occurrence for a student to be disqualified after entering the college. As 
a matter of fact, the number of entries into the engineering branch of the 
Navy was so limited that the authorities could ill afford to lose even 
those of very mediocre ability, and backward students frequently received 
an extra year's training at the college to bring them up to the qualifying 
standard. It appeared to him that any tuition in the repairs of break- 
downs at sea would necessarily be of very doubtful value, inasmuch as in 
such cases there was nothing certain but the unexpected, and for the 
effective handling of such emergency work, ripe experience, sound judg- 
ment, and ready resource were essential. 

With reference to the appointment of engineers ''in lieu of chief 
engineers," he did not say that the young engineers thus appointed 
were incapable of fulfilling the duties of the higher position, but what 
he did say was that it was a gross injustice not to confer upon them the 
higher rank and emolument rightly attaching to the more responsible 
duties. He completely endorsed Mr. Brown's pertinent remarks regard- 
ing the pay of engineer officers, and, as bearing upon the means avail- 
able for the maintenance of a family at home, he might state that an 
engineer officer afloat incurred an expenditure for ward-room expenses 
and subscriptions which it was difficult to keep within the limit of £8 
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per mouth, and when this was dedu*?ted from the rate of pj set forth ia 
his piper the result was cert^iiiily very Btartling. 

Mr. Snook had taken eiception to his statement that the effect of the 
icy of repreBsiou was discontent^ and that when pureijta appreciated 
pre^nt position they would very naturally dissoade tbelr sons from 
becominf^ naval en^dneers. He evidently regarded this passage in the 
light of advice, and that of a dangerous character, which waa bciiig 
offered to parents. Such, however^ was not the correct interpretation to 
place upon his words, which were simply a commentary on one of the 
evil results of the present policy of the Admiralty. As the qiit^tion of 
deterrent advice had been hypothetically introduced into the discussion 
by Mr. Snook, he wished to rcicorti bis belief that very few engineers 
acquainted with the facts which it had been his endeavour to reveal 
would consider themselves jnstilied in advising parents to enter their 
sons into the engineering branch of the Royal Kavy. Personally, he 
would unhesitatingly use his influence to dissuade any brigbtj high 
spirited hoy from pledging himself to such a career as that which wus 
now offered to naval engineer officers* The flaw in Mr* Snook's line 
of reasoning Jay in the fact that he had endeavoured to express a man's 
well-being in terms of money alone- They all knew that many other 
important factors entered into an estimate of a man's welfare*. Owing 
to the very nature of his dnties and i-esjjonsibilitiL's the ellicient naval 
engineer oflficer must necessarily be an able man of high spirit and 
strong character. Such men invariably set a high value upon the 
conditions affecting their self-res|)ect, sense of justice and liberty, and 
upon the maintenance of a proper relationship between personal 
responsibility and |)ersonal control. If it were wrong and unpatriotic to 
advise parents not to allow their sons to become naval engineers, then it 
was equally reprehensible to disseminate the truth regarding the 
position, emolument and prospects of those officers, Ijccause a knowledge 
of the facts would act as a deterrent in the same way as direct advice. 
Adherence to such a principle of suppression of discouraging and 
unpahit;ible trutlis would result in the per])etuation of any existing evils 
in every public dei)artment, and he felt sure that it was not Mr. Snook's 
intention to advocate any siirh policy. 

i;.\(:im;-i;o()M AirriFicioKs. 

Ml'. 1\ 'V. Marshall, and certain ()l)viously conipctcnL critics outside 
(»r ill'' I iisiit ntioii. had stated tliat in his comparisons of naval and mer- 
caiililr "iiuint -ro ^m coni|ilcm('nts he had failed to give due recognition to 
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the value of the engine-room artificers. He trusted that it was scarcely 
necessary for him to disclaim any deliberate intention of overlooking 
that most useful and estimable body of men. 

He gladly availed himself of that opportunity to express his high 
appreciation of these members of the engine-room complements of Her 
Majesty's ships, and he was pleased to be able to state, from his own 
personal knowledge, that there was no one more ready and anxious than 
the engineer officers themselves to testify to the value of the work done 
by artificer engineers, chief engine-room artificers, and senior engine- 
room artificers. As it was his sole object to submit authenticated facts 
and to draw therefrom only fair and reasonable deductions, he had given 
very careful attention to the contentions of his critics, and in this and 
subsequent sections of his reply he would have pleasure in communicating 
the results of his investigations. The engine-room artificers were the 
working mechanics of the fleet, and were recruited from the journeymen 
employed in the various engineering trades ashore. The candidates must 
have had an elementary knowledge of reading, ^mting, and arithmetic, 
and they were subjected to a more or less perfunctory test of their skill 
as handicraftsmen. After eight years' service, of which five years must 
be actual sea time, the engine-room artificer was eligible for advancement 
to chief engine-room artificer, provided that he was in possession of a 
certificate signed by the captain and engineer of his last ship, to the 
effect that he was considered fit for advancement, and that he could pass 
an examination in arithmetic, practical knowledge of engineering includ- 
ing the action of valves, and the use of indicator diagrams. 

Engine-room artificers a ad chief engine-room artificers were eligible 
for promotion to the rank of artificer engineer after at least ten years' 
confirmed service, provided that they could pass the prescribed ex- 
amination, and were not less than 35 years of age. The number of 
artificer engineers was limited, and at the present time there were only 
75 in the whole Navy. There was no doubt that chief engine-room 
artificers could rightly be regarded as competent sectional watch- 
keepei*8 so far as the actual performance of engine and boiler room 
duties and repair work were concerned, but they were not considered as 
responsible officers by the Admiralty, except in a limited number of 
special cases, where artificer engineers were in charge of the machinery 
in small vessels, which did not carry commissioned engineer officers. Even 
allowing for this fact, it would be seen that the complements of engineer 
officers and skilled and experienced artificers carried in our warships were 
quite inadequate for the duties which they were called upon to perform. 
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trnfortnuately the artificer ratings fell onder the bao caat upon the 
whole engineering deptirtinent of thti Navy, and they stiffered from dis- 
abilities in connection with jmy, pension, and general treatment on board 
ship^ which h^d so aenonsly disconraged the most desirable class of candi- 
dates that the requisite mimbttrs could ouly l>e secured by giving a very 
elastic interpretation to the Admiralty regulations for their entry. 

Sir Thomas RichardsoiVs remarkfl revealed the true position in a 
* light which was not shed apon it by the Admiralty regulations. In tliis, 
as In many other official matters, thii^gs were not always what they 
seemed. At the present time the Admiralty iustractiona to the 
responsible recruiting officers discoaraged the rejection of any bnt the 
most hopelessly nnenitable candidates ; the net result lx4ng that engine- 
room complements always contained a couaiderable per centage of junior 
artificers who were anything bnt skilful and reliable assistants, and who 
were really being trained in the performance^ even of the most elementary 
dniies, which they were specially carried to perform. Admiralty 
champions and partially inforuaed critics, who simply ofjunted hejuls, 
and innocently assessed them at their nominal official value, debited 
these men to the chief engLneer, as competent memlKsrs of his skilled 
etaff, 

A very convincing manner of escplairdng the matter of responsibility 
would be to quote the foUowiug extract from the Queen *s Regulations^ 
Article 9, which says : — 

If a ship in which there are one or more inexperienced assistant engineers, he 
(the chief engineer) will make arrangements that all important matters of engine- 
room duty shall hn superintended by liimself, or by an engineer officer in whom he 
can place confidence, and not be left to the care of othcers who, from want of 
experience, cannot be relied on. He is to take every opportunity of instructing 
the inexperienced engineer officers in tlie duties of tlie engine department, and he 
is to use his best endeavours to make them etHcient ; with the sanction of the 
ca})tain lie is to take care that any acting engine-room artificers serving in the 
ship are afforded every facility for acquiring experience in the engine-room to 
(jualify them as watch -keepers. 

i^irt 2 of tlie al)()ve Article says : — 

Inexperienced assistant engineers sliould be trained under senior ofBcers in 
the duties of stokehold watch-keeping. 

Tilt' same Article s;iys :-- 

Till siuior eni^njHcr, t hosi' placid in charge of liydiaulic machinery and 
1(11 |M 'In tiMini:s. an<l Ihosr employe. 1 in usvjslin'j; the enijjineer officer with his 
clnicil work sliouM krcp ;i1 h'a-1 fcur hours watch per day, and np to ei^ht 
hor.is, a> nia\- be neci-s^aiy 1<» ensure the watrhes bein-: placed in charge of 
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It would be seen that the obvious intention of the Admiralty was to 
throw the entire responsibility on the engineer officer, and that engine- 
room artificers should not be placed in charge, except in those cases 
where no commissioned engineer officers were carried, or where the 
number of such officers rendered it absolutely impossible for one of them 
to be in charge of each watch. 

The chief engineer was also instructed not to leave the care of 
machinery to inexperienced assistant engineers, but a reference to the 
Navy list, and the examples quoted in the paper, would show that a very 
large proportion of the staff of officers were inexperienced juniors. 

It would be noted that no explanation was given as to how an 
engineer officer was to keep watch up to eight hours per day in the 
engine-room, often in the tropics under the most enervating con- 
ditions that it was possible to conceive, and also be responsible for 
the hydraulic machinery, the torpedoes, or the clerical work of the 
engineering department, without ruining Ms health by physical collapse. 

It had been frequently suggested by champions of the class interests 
of the executive branch of the Navy that, unless the engineer officers 
evinced a disposition to acquiesce in the status quo^ their services might 
be dispensed with altogether, the duties of the engineering department 
on board ship being then handed over to the engine-room artificers, under 
the instruction and command of those executive officers who, in qualifying 
for gunnery and torpedo duties, had obtained some academic knowledge 
of physical science, and its practical applications within a narrow sphere. 
He quite agreed with Mr. Hirst as to the disastrous results which would 
inevitably attend such a state of things, and that such a preposterous 
proposition should ever be seriously advanced even by fanatical partisans, 
was an indication of the very trifling extent to which real naval 
efficiency and national safety entered into the schemes and calculations 
of these self-interested gentlemen. What would they say if it were 
suggested that the gunnery, torpedo and navigation duties should be 
placed in the hands of warrant officers and first-class petty officers, 
under the instructions and command of commissioned engineer officers, 
who had received in the course of their college training, a smattering 
of academic knowledge of guns, torpedoes and navigation ? 

Professor Weighton and Mr. Fothergill had very truly said that our 
engineer officers must be highly educated and thoroughly trained experts, 
if they were to successfully fulfil their complex and responsible duties. 

It was not for him to discourse at length upon the general purposes 
and functions of officers. Centuries of human experience had revealed 
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the neceesity for their presence in all military and civil organisatioDS, 
and for their differentiation from the other component tilciments of the 
bodies to which they l>elonged. 

It might bo that, in the t'onrae of rotitine work under normal con- 
ditions, the special mental powei"s and moral influence of the officer 
remained to gome extent latent, and that their valne and real Bignificance 
wei-e therefore not apparent to the t^aanal obaenrer, bnt he was confident 
tbtt no thinking mau would deny t hat their presence was indispensable 
at all timeSj and especially bo in times of emergency and moments of 
danger, when men naturally tnrned to leaders for example, instruction 
and encouragement. 

ENGINE-HOOM COMPLEMENTS. 

It would be obviously absurd to construe his comparisons of com- 
plements as implyitig that, in the Navy, aU work other than actual 
firing und gi'easiug was performed by the engineer oMcers, and had he 
anticipated that his figures would be so interjireted, he would have 
ac't forth with greater clearness the evident value of chief engine-room 
artifioers as sectional watch -keeping lissistanttt. It was not difl&cult, 
however, even when this asBietance was allowed for, to demonstrate that 
our Navy was provided with very inadequate numbers of engineer 
officers and skilled ratings, and it was still less difficult to ptovv that 
there was an insufRcient supply of officers and skilled ratiiigcs puwactssmg 
the experience and skill requisite to render them really efficient. 

He did not think that any of the speakers who had referred to engine- 
room complements hud made sufficient allowance for the great difference 
ir. the amounts of auxiliary machinery on warships and merchant vessels, 
and for the fact that in the former there was a very large amount of 
mechanism in connection with the armament, for which of course there 
was no parallel in the latter. 

On H.M.S. " Terribk' " for example, there was three times as much 
auxiliary machinery as there was on the R.M.S. " Lucania." 

Tlicre were also many other circumstances which called for larger 
L'nL:iiu'-iHom complements in the Navy than were found to be adequate 
in thr iiiei-(*:intik' marine. 

'riicse points wore deah with in tlic ori.i^n'nal <hMft of the paper, but 
w* !v viiliscfiiicntlv L'liininati'd in the h'jlicf that their existence and siir- 
iiirKMiic" wci-e more L'^enerally understood than appeaivd to be the case. 

I'lK machinery on mail steamers, such as those mentioned in his 
>o:i,p:iiis()ns o!' eoinplcments, was overhauled, repair-d, and adjusted in 




DISCUSSION — THE BRITISH NAVATi ENGINEER. 811 

port at intervals of at the most a few weeks, and on these occasions the 
ship's engineers received great assistance from a thoroughly skilled and 
experienced shore staff. 

In the Royal Navy, ships on foreign service were only able to visit a 
dock yard for re-fitting purposes at very long intervals. At all stations, 
with the exception of the Mediterranean, external assistance was rare 
and difficult to obtain, and even when a vessel was laid up for a few 
weeks at any time during, or at the end of a three years' commission, 
almost all the work was done by the ship's staff, and usually under the 
disadvantage of having to execute it piecemeal, in order that should an 
emergency arise, everything could be re-assembled and the ship be ready 
for sea in from 24 to 48 hours, according to circumstances. 

Even in the Channel, where the conditions were necessarily so much 
more favourable than abroad, theships only went to a dockyard about 
every six months. 

Many competent authorities, having great experience in the Navy, 
considered it to be of vital importance that Her Majesty's ships should 
be independent of external assistance for all but the most serious break- 
ages and repairs. Marine engineers would therefore readily appreciate 
that, under these conditions, the amount of work devolving upon the 
engineering staff of a warship was out of all proportion to that entailed 
in the merchant service. 

The special character and design of the boilers, particularly of 
water tube boilers in which there were in many installations upwards of 
ten thousand steam joints, and also of the machinery on a warship, were 
such that every part was subjected to far greater destructive influences 
than were brought to bear upon the machinery in the mercantile marine. 
At the best, this necessitated closer supervision and the more frequent 
adjustment and replacement of parts, and at the worst it entailed far 
more frequent and more serious breakdowns, which taxed the courage, 
energy, and ability of the engine-room staff to the utmost. 

In comparing complements, it must also be borne in mind that the 
senior engineer, in addition to the chief engineer, could not possibly keep 
regular watches and yet live, as he had to exercise constant supervision 
over the whole of the machinery of the ship ; that one assistant 
engineer had the major portion, if not the whole of his time taken up in 
the clerical work of the department, and that a number of stokers — 
from 80 to 40 in a large ship— were withdrawn from the boiler-room, 
about 18 for greasing duty in the engine-room, and the balance for 
various mess and orderly duties. 
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Fn further oonfirmatiou of Ms contentioas as to the ioadequficj of 
the engme-room complements, be would state the folio wince authenticated 
facts : — 

Oor ships were subjected to quarterly trial runs of 24 hours— 20 
hours at three -fifths the natural draught horBe-power, and 4 hours at 
natural draught horee-power — and in one of these trials, recently 
performed by a ship which was classed by engineer officx^rs as "easy 
Bteaming/' the men during the four hours run were worked in two 
watches, and the 4 hours for the full N.D,H.P. trial were chosen 
when considered convenient by the chief engineer at any time during the 
whole 24 hours of the trial. 

He would again ask how it was posaible that, under these conditions, 
the powers of human endurance could be made to extend, to the limit 
necessary, to maintain the paper speeds of our warships for even 
one single week at a time. 

In most of our new classes of ships, men of the seamen class had to be 
borrowed in cousiderable numbers for coal trimming duties, even when 
ranniug at the ordinary speeds required in manrtuvres. It waa not 
apparent how this assistiince could possibly be rendered under many of 
the probable contingencieB of actual warfare ; for example, when towards 
the close of a successful chase at ma]£imum speed the imminenoe of a 
severe action required the presence of all hands at the pof^ts itllottti^d to 
them in action by the official watch bill, which did not provide seamen 
for duty in the bunkers or stokeholds 

This shortage of stoker ratings was further illustrated by the 
exumples quoted by Mr. Fothergill in his valuable contribution to the 
discussion. 

On page 105 of his paper, he referred to the iniquitous reduc- 
tion of the engine-room complements which was instituted by the 
Admiralty in 1892, in defiance of the most strongly expressed 
disapproval, not only of the naval engineers themselves, ])ut of the marine 
engineers and the Press of the whole country. He stated that the total 
numbers of the engine-room complements were reduced by about 12 per 
cent., but this did not fully reveal the true significance of the actual 
rhaiiges which were then m:ide, and he now wished to amplify his 
st.atcnient l)y explaiiiiti'4" that a reduction of from 22 per cent, to 30 per 
r.-iit was Hiadt' in the iiumhers of the en^^ineer ollicers, and artificer 
ratinu< (M)mbined, or, in otliei- words, of the nieclninically skilled 
iiumhIk'is of the stafV. A cei-tain pi'oporiion of the engine-room 
arLilieri's were replacetl l>y chief stokei's who conld not, hy any stretch of 
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imagination, be regarded as skilled mechanics. The extra number of 
chief stokers required were provided by accelerating the promotion of the 
lower stoker ratings. The reason for the institution of this astounding 
retrograde change was, that the Admiralty had failed to provide the 
necessary skilled engine-room staflPs for the large number of new ships, 
which were, at that time, added to the Navy, so that the existing 
personnel had to be spread out thinner in order to go round. 

One effect of the change was to throw a considerable amount of extra 
work and worry upon the chief and senior engineers, the latter, in any 
sea-going ship, being seldom able to obtain any more leisure than was 
absolutely necessary for eating and sleeping. In every ship which did 
the ordinary amount of steaming, abroad or in the Channel, it was usual 
to have to make special arrangements for granting leave to the engine- 
room artificers, who got much less leave than the ordinary stoker, who 
again got less than the bluejackets or petty officers of the other depart- 
ments. 

According to the oflBcial watch bill regulating the disposition of the 
crew, when in action, about one-third of the engine-room staff should be 
posted at stations outside of the engine-room department. 

Our first-class battleships carried 6 engineer officers, of whom there was 
never more than 1 of engineer rank, in addition to the chief, and in some 
cases the chief engineer had no experienced assistant, the whole of his staff 
consisting of assistant engineers. As an instance of this may be men- 
tioned H.M.S. " Royal Sovereign " twin screw first-class battleship, now 
in the Mediterranean, with one staff engineer and five assistant engineers, 
two of 'whom had less than two years' service. Surely it was reasonable 
to assume that this condition of affairs would not be allowed to exist if 
the Admiralty had an adequate number of experienced engineer officers at 
its disposal. 

lie had purposely refrained from reverting to the comparison of 
naval and mercantile engine-room complements, because any extended 
comparison would be of little value, owing to the very great differences 
in the conditions to be fulfilled in the two services. It would be possible 
to cite a very much larger number of facts in support of his conten- 
tion as to the under-manning of the engine-rooms of our Navy, but 
the above, in conjunction with the subject matter of the paper, would, 
he thought, be accepted as making out a good prima facie case for the 
subsequent careful consideration of the committee which it was 
suggested to appoint, and to which he would be able to give additional 
information. 
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K£6E[LVEg OF BKGlNEEBIiTl^ PEHSOKNEU 

8omt^ of the &ptiakcra expressed very eauguiDe opinions regarding the 
poesibiiitj of providing any reiinired number of reserve engineer offii^iB, 
and skilled enj^ine-room ratings during time of war. He was very glad 
to note, however, that Mr, Si vew right and Mr. Westgartli shared his own 
scepticism with regard to tlie reality of these alleged reserves. 

In his financial stJifceineDt explanatory of the Navy estimates, 1900-1, 
the First Lord of the Ad railed ty stated that the efitabliahment of 
engineer offioers of the Royal Naval Reserve wm fixed at 4(M>, the present 
number borne being 380. The engineer officers of the R,N-R- were 
drawn from the mercantile marine, aud were of senior engineer, engineer 
and assistant engineer rank, according to their qualificiitions. Officers 
of the two former ranks must hold fii^t-claas Board of Trade certifieafceg, 
aud have been chief engineer of a BritisJi steamer ; assistant engineers 
must bold a Boanl of Trade eertificate, and have ser^'ed at sea on a 
British ship for not less than one year as a oertifjcate<l engineer. 
Senior engineers aud engineers of the Royal Naval Reserve had the 
option of passing through a three months* instructional course at one 
of the home dock-yards. During the four years that this regulation 
had lieen in force only 8 out of 6S senior engineers, and Id out of 
155 engineers had passed through the instructional course. It was 
assumed in some quarters that the required reserves of engineer officers 
and skilled engine-room ratings could be drawn, in time of war, from 
the following sources : — 

(ff) Mercantile marine. 

{b) The works of private naval (^onstmctoi'S. 

(r) l[.:\r. dockyards. 

(f/) ^Icrcantile sliii)bni](ling and engineering works. 

(/') Gc'iu'ral engineering works. 

Tiie moil fri 111 sources h and r could not l)e spared for sea-going 
service in time of war without striking at the root of our recuperative 
]M)\\\'r, wliich was so often referred to when it was deemed advisable to 
eiiijiliasize tlir advantages which we would possess in a naval war, hv 

NiiLiK'o! oni- u:ri';it n;i\al constniciiim' industry. Some of the objections 
i'» im n (ii';i\'.ii from soin'ces ^/, ^/, and r were set forth in the ]>aj>v!-, 
I'lii. in \ iew «•!' i he \iial importiinec of tliis (|ncs(ion. lie migiit p(.'rha])s 
1" ;ilio\\ il h) >ni>mi( >onu' aiMitional m'guments against their emplov- 
ni'.'iit. 

'riif most ('om|><t<'nr authorities on sca-powtT were of o})iuion that, 
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in view of our complete dependence as a nation on maritime commerce, 
even for our daily food supplies, it was absolutely essential that we should 
never lose control of the seas. In other words, our naval strength 
must be so predominant that, during a war, our merchant vessels 
could continue to perform their ordinary functions with comparative 
safety. Failure in any appreciable degree to achieve this object must 
involve our defeat. This considered in conjunction with the probabihty 
referred to by Mr. Sivewright, that in the course of a war we might have 
to undertake the transport of large bodies of troops, led to the conclusion 
that, with the exception of a possible small superfluity of inferior men, 
the engineers of our merchant service would be fully occupied in the per- 
formance of their customary duties. 

With reference to men from sources d and e it might perhaps 
happen that a number would be set free, owing to the restriction of trade 
accompanyhig war, but, after most careful inquiry and consideration, he 
unhesitatingly re-asserted that these men would be of very little value if 
placed on board our war ships to perform the engine-room duties devolv- 
ing upon the skilled ratings under active service conditions. 

It was very doubtful if our mercantile marine engineers could, with- 
out any previous experience on warships, immediately take up and 
eflPectively perform the duties of an engineer officer in the Navy. It was 
not merely a matter of driving triple expansion engines, although even 
these simple items of machinery, as constructed for the Navy, might some- 
times be found to possess somewhat troublesome features ; the difficulties 
predicted would occur rather in connection with the boilers, the auxiliary 
machinery, the armament, and the complicated systems of pipe connec- 
tions, all of which were of a very special character, and required that 
those entrusted with their care should have given them close study, so as 
to be quite familiar with all their details, and should also have had pro- 
longed experience in their manipulation and repair, if they were to handle 
them in time of stress with that confidence, promptitude, and skill which 
were essential to safety and efficiency. 

The discipline and work of the Royal Navy were of a distinctive and 
peculiar character, and it was extremely doubtful whether the mercantile 
engineers, with their independent natures and ideas, woukl cheerfully 
tolerate much that had to be borne, even in time of peace, by engineers 
in the Royal Navy ; far less the severe discipline which would certainly be 
enforced when on active service. In connection with the engineers of the 
R.N.R. it might be pointed out that, at the outbreak of war, these men 
would undoubtedly be widely distributed throughout the world, and even 
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if they cx>uld be regarded as efficient reserves it would be impossible to 
distribute them to the sliips withii^ a i-eaaonable period of time, la his 
opinion it wm abaolnt-e folly to place any reliance upon the alleged 
reserves of engineer officers and skilled ratings. It was flying in the face 
. of known facts. 

The question of reserves naturally le<l up to the problem of peace aad 
war oomplemeuts, and it appeared to him that the only way to secure real 
efficiency, and to place the Navy in a sttite of actual preparedness for 
war, was to provide in all sea-going ships in commifision full war engine- 
toom complementH of all ranks and ratings, and to institute a eyetera 
which would provide for the ships of the reserve full war complements 
of engineer officers aud skilled ratings, all of whom had received naval 
training, and had sea-going experience in H.M. ships* 

ADMIRALI'T COMMJTTBES. 

Both Sii' Thomas Bichardsou and Sir Fortescue Flannery had referred 
to the Committee of Enquiry recently appointed by the Government- 

When an official enquiry was held, the natoral infei^nce drawn by the 
public was that the subject would be exhaustively considei-ed by imbiaased 
exjKa'ts, and that their recommendations would be atlopted. 

That this assnmptiou was not warranted by the past history of officiaJ 
proeedunj in connection with the naval enirlneera was suffiiMcntly proved 
by the fate of the excellent recommendations of the Admiralty Committee 
presided over by Sir A. Cooper Key in 1876, and by the action of the 
Admiralty following upon the report of the 1899 Committee, which 
report is asserted by Sir Fortescue Flannery to have been in favour of 
forming a separate engineering corps, and giving the engineei'S executive 
rank. This last Committee consisted of Rear-Admiral Douglas, Captain 
Prince Louis of Batteuberg, and Mr. Macartney, M. P., the Parliamentary 
Secretary to the Admiralty. 

A few engineer officers were selected to give evidence, but it was very 
(iucstionablo whether a rivd voce examination conducted by executive 
officers would bring out their absolutely unbiassed opinions. Engineer 
officers had been so subordinated, crushed, and misunderstood at every 
(urn that, rii^litly or wroni^dy, tliey now regarded an individual and true 
(•x)iivssi()ii ol^ opinion with dread as tending to make them marked men in 
the s< r\i((', and so |trcjndice tlieir careers. 

'Die naN'al dep.irtment of the United States had provided a better 
exaiujile of the iiiainiei" in which such an enrpiiiT should be conducted. 

Ill 1^117 the United Slates (jovermnent appointed a Pei'sonnel Board 
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to report npon the causes of the then existing dissatisfaction of the naval 
engineers, and the friction between the executive and engineering branches, 
and to formulate a scheme for reform which would establish conditions 
more conducive to the efficiency of the Navy. 

This Board consisted of seven executive and four engineer officers, 
presided over by Mr. Theodore Roosevelt, assistant secretary of the Navy 
Department, and reported unanimously in favour of the complete 
amalgamation of the executive and engineer officers, with one uniform scale 
of pay and rank, and with uniform powers and privileges. The recom- 
mendations were carried into immediate execution. The differences between 
the two cases were so marked and significant that comment was superfluous. 

If-" The Influence of Naval Engineers on Warfare " were a subject of 
trifling importance, one could look on the vagaries of our official pro- 
cedure with unconcern, but when it was realised that the nation's highest 
interests were at stake it was simply appalling to contemplate that the 
position was evidently not understood, nor its consequences appreciated, by 
those in supreme power. 

According to the Parliamentary reports in the Times^ the following 
statements were made by the representatives of the Admiralty iu the 
course of the debates on the last Navy Estimates : — 

(1.) In reply to a suggestion from Mr. W. Allan, M.P., to the effect 
that the number of inspectors of machinery should be still further 
increased, and that chief engineers ought to rank far higher than 
lieutenants, Mr. Goschen said : — 

" The hon. member would wish their promotion to be much more 
rapid than that of the other branch of the service, though the engineer 
gets better pay now." 

(2.) Mr. Macartney said : — 

" As to the position and pay of the engineering branch, he should state 
that there was no difference between the engineer officer and the ordinary 
officer of the executive or combatant branch with regard to the power of 
inflicting punishment. There was only one authority as to punishment 
on board ship, and that was the commanding officer and the executive 
officer. The engineer officer was in the same position as the first 
lieutenant, who had no more power to punish a bluejacket or a marine 
than the chief engineer. No engineer therefore suffered any disparity of 
position compared with officers of the combatant branch." 

These would appear to be clear statements incapable of being mis- 
understood, but the language used was Parliamentary, and therefore had 
the remarkable power of obscuring the essential facts. 
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Mr, Goschen's atHtemeiifc was onlj correct if tlie engineer' a pay wcro 
referred to the arbitrarily fixe<l and meaiiinglesa basis of relative rank, 
instead of to length of aervice, the nature of the daties, and the great 
i^eapousibilifciefl undertaken. 

The true aigoificance of the term " promotioti ** would depend entirely 
u|>on whether it were nsed with reference to relative rank or rate of pay, 
and this Mr. GoRchen omitted to explain. 

The qneation one naturally asked was, why was it that replieg were 
not given in clearer language. It could not poetsibly be that onr great 
Ministers wilfully misled the public ; it muBt be, and it wbw, that they 
received from those in authority prejudiced and incomplete (.lata. 

With reference to Mr, Macartney's statements, it might be explained 
that the tenn " executive officer " did not apply to any specific rank of 
combatant ofllicers. The supreme executive control^ carrying with it tlie 
power to award punishment, was and always must be vested in the 
captain, to whom all serious cases were in practice referred ; but the 
actual performance of cunr^nt executive duties was delegated by him to 
the officer next in rank to himself. The captain, or in other words the 
officer in supreme command of the ship, was Tiot, however, always of 
captain's rank, Bome vessels being commandetl by officers of commaiidt!r 
rank, others by lieutenants, and even by ^u b- lieu ten ants* It wm also 

a f;i<"r. ilirii flu* cifTu'f^r t^f Mif \?HtHi on ilvrk }\ml nnwrr fo RWL^rd 

punishment no matter what his rank might be. Therefore the executive 

officer of the day might be, and very often was, the junior in age, length 
of service, and even in relative rank, of the chief engineer of the ship. 
The evils, dangers, and inconveniences attending this need not now be 
reiterated, as they were very fully stated in his paper. 

It was therefore an evasion of the facts to say that there was no 
(liflcrence l)etween the engineer officer and the ordinary officer of the 
executive branch with regard to the jiower of inflicting punishment. 
Even a " chief engineer '' of " fleet '' rank had absolutely no power to 
inflict punishment in his own department for any ofl'ence whatever. If 
an officer of the military branch were the executive officer of the day, he 
had power to punish, and if he were not the executive officer for the day, 
he was only required to state liis complaint to an officer of his own 
l>r;iii(]i, wlio nuist necessarily l)e his superior in rank. The chief 
( iijincer of :i sjiiji w.is r* s])uiisiMe for tlie work and general conduct of a 
\i;\ j.iiLif pi'opoi'i ion of the total crew, and liis men were not onlv 
ciiLjaL^rd ill I he j»ei-foi-mance of special diuics which Were not nnderstocnl 
l»y the c\c lUive ollicers, but they were located in positions where the 
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executive officer was quite unable to exercise his. personal observation. 
It was no more subversive to the dignity of the executive officer, and 
therefore to discipline, for him to be obliged to report his men to a 
superior officer of his own branch, than it would be for an assistant 
engineer to report to the chief engineer. It may here be reiterated that 
the engineer officers desired power only to punish their men for minor 
offences committed in their own department, it being perfectly under- 
stood that their decisions, as those of all other officers, would be subject 
to endorsement by the captain. 

Mr. Macartney also referred to the subject of naval engineers having 
been dealt with by numerous pamphleteers. It must be assumed that it 
was not Mr. Macartney's deliberate intention, in using the word 
" pamphleteers," to discredit by insinuation the persistent efforts of the 
many able men, and eminent engineers, who had in the Press, and at 
every opportunity, brought to the notice of their countrymen the dangers 
which they know to exist. It was once again strikingly evident that our 
politicians did not realise the true position, and that they allowed them- 
selves to be influenced by the prejudiced views of the executive officers 
in high power. 

With regard to the literature referred to by Mr. Macartney iii the 
House of Commons, there certainly was an amount which was objection- 
able and discreditable, especially when it was known that it emanated 
largely from executive officers. One pamphleteer, a Commander, R.N. 
on active service, considers naval engineering "an alien profession,'* 
" in the service but not of it," also as *' a lower form of the engineering 
profession," and compared the engineer officers with the galley slaves of 
old. Another pamphleteer, a well-known Admiral R.N. (on the active 
list) wrote of naval engineer officers as being *' a scratch collection of 
the residuum of the engineering profession." 

A letter appeared in Engineeriny^ of December Ist, 1899, and as 
it was written in a flippant sarcastic style, altogether unworthy of the 
subject, he concluded it was from some too enthusiastic cadet, and wrote 
a reply of protest in the next issue. Sometime after he ascertained that it 
was well known that the author was an admiral who might some day be 
on the Board of Admiralty. Realising the incalculable damage which 
might result from the propagation of such inteniiely prejudiced views, he 
dcL^ided to bring the subject of his paper before that Institution, so that 
marine engineers could, with one voice, warn the Government and the 
country of the appalling disasters which must result, if this great 
national question were not removed from the intense prejudice and 
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service jealoudes which surrounded it, and dealt with from the stand- 
point of national safebj and national honour. 

CONCLUSION, 

The discneaion had disclosed the unanijnous opinion that in the 
interests of naval efficiency, the engineering department should cea&e 
to be included in the civil branch of the Navy, and should be constLtuted 
a military corps. This was the keystone of effective reform, and until 
it was grant4^d the engineerinj^ department would become increasingly 
unpopular amongst the class of young men who were best fitted to become 
efficient naval engineer offieers. 

At a time when the machinery and armamente of warships were 
rapidly growing in magnitude and complexity, and when great skill and 
knowledge were therefore required on the part of those in whoae charge 
they were placed^ the engineer officers were being sacrifieed to intense 
service prejudice in a manner which impaired the naval power of this 
country to an extent which could now only be rexilised by professional 
engineers, but which wonld most certainly be exposed to the whole world 
in the next naval war. 

In the House of Commons recently Captain Pbillpots said : " I can 
remember the time when owing to a mistaken economy the Admiralty 
entered men as engineers who were quite unfit for their position as 
officers, and a great deal of the prejudice which undoubtedly has existed, 
and still does exist to a limited extent, is due to the fact that in bygone 
days so many undesirable men were given the position of engineer 
officers in the Navy." 

Therefore by the confession of a supporter of the Admiralty in the 
House of Commons, it was made quite evident that reforms which 
were absolutely necessaiy in the interests of the country were being 
delayed by prejudices which continued to exist in spite of the fact 
that the causes which justified them in the first instance had completely 
disappeaied. 

It was very gratifying to him to find that his jToposal to form a 
T'onmiiltee to deal with the great question of tlie engineering personnel 
i!i W.M. Xavy met witli their lieartv api)roval, and lie tlionglit tliat 
tlir knowledge that tliey had initiated an investigation wliieh miglit 
]\:\\r fai- n'ae'liing elTects slionld ])e a source of consideral)le satisfaction 
Id ilic nKiiiliei's of the rnstitntion. 

I'lie ultimate result of tlieir efTorts would depend n|>on the manner in 
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which the Government held the balance between the free, unprejudiced 
and competent opinion of the engineering professions of the country, and 
the arguments and advice submitted to them by their official advisers, 
who, being drawn entirely from the executive branch, were, un- 
fortunately, permeated by the spirit of faction, and whose past actions 
in the matter had clearly shown that they either did not realise the 
consequences of their action or allowed conservative prejudice and 
class interests to interfere with their honourable duty of safe- 
guarding the interests of the country. They, on their part, could do no 
more than make every earnest effort to ensure that a clear and complete 
statement of the demonstrable truths relevant to the issue, was placed on 
their side of the scale. They must then trust to the acumen of the 
responsible Ministers and Members of Parliament to enable them to 
detect on which side the preponderance of truth and reason was located, 
to their patriotic sense of duty to determine their policy in accordance 
with the facts, and to their courage and energy to carry it into prompt 
execution. 

If it were possible that this committee, embodying as it would 
representatives of all the great engineering institutions of this country, 
could become a permanent committee available to be called upon by the 
Government to report on any departures of moment in the engineering 
material and personnel of H.M. Navy, it would relieve the permanent 
officials from a concentration of responsibility so vast as to be inconceiv- 
able, and would prevent decisions of possibly vital moment being 
determined on except after the mature deliberations and report of the repre- 
sentatives of the nation's engineers. Vast sums might thus be saved, 
increased efficiency would be secured, and the constant bickerings. 
Press agitations and alarms would practically cease. The great 
impenetrable barrier of conservatism and red tape blocked the way, but, 
strong as it was, it must fall by the exposures of a naval war. Then the 
lay public would realise what engineering meant in warfare, that the 
paper speeds of our mighty vessels, the area of their coal endurance, and 
the avoidance of disasters resulting from breakdowns of machinery and 
armament, were in the hands of those naval engineers, whose persistent 
warnings were wilfully misconstrued into agitations for personal benefits, 
and whose worth and work were neither realised nor appreciated. It was 
their duty to persist in this matter, but if the great barrier still remained 
impenetrable, then the history of this Institution would show that its 
members had at least made a great effort to be of service to their Queen 
and Country. 
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they did their work thoroughly and wisely. When he said at the 
last meeting that as the Royal Engineer was to the Army so ought the 
naval engineers be to the Navy, he was thinking of the early history of 
the Royal Engineers. Their grandfathers could remember perfectly well 
when the soldier's artificer, as the Royal Engineer was called, was subject 
to the interference and control of the sergeant of the line or cavalry. 
The complaint of his foreman then was that he had not sufficient 
authority over his men. It was the Army non-commissioned officer who 
had the authority which the foreman thought ought to be in his hands. 
The first steps to put that right were taken by the Duke of Richmond 
and Mr. Pitt. The body was organised and made into a military body, 
and they had seen two oflBcers of that attain Peerage rank, Lord Napier 
of Magdala and Lord Kitchener, who was now distinguishing himself at 
the front, while they could not forget that General Gordon was a member 
of the Royal Engineers.* That was the position to which the present 
naval engineers might hope that their successors might rise. It was 
all very well to talk of the minor grievances of pay and so on, but one 
thing they wanted to see, and he (the President) would not yield to any 
one present in the great sympathy and admiration he had for the naval . 
engineers, but what was wanted was that as in the case of the Royal 
Engineers, they should not only be called by the titles of, but that they 
should really become combatant officers, and that was the one thing that 
would put them right. ,He wanted them not only to be called, but really 
to act as captains and admirals, then all the jealousy would cease 
between the two departments and they would be fairly and rightly 
treated, and then only would they take the position that as gallant and 
educated men they ought to have. 

Mr. Henry Withy had great pleasure in seconding the adoption of 
the resolutions. 

The President — Does any one object to any or all of these 
resolutions ? 

There was no objection and the President declared the resolutions 
carried unanimously. 



h 



CLOSING BUSINESS. 



RE^APPOTNTMENT OF AUDITOR. 

Mr* W* G. Spence moved the !*€ appomtmeut of Mr. R, W, Sissori ris 
Auditor* He had held the position for a good niiml>er of years, and he 
thought they could not do better than re-elect him, 

Mr. J. R. FoTHLBRGiLL secooded, and the apiKJintmeiit wm 
conHrraed, 



THE PRESIDENCY AND COUNCIL 

The Prksidbwt aonoanced the result of the ballot to fill vaciineied 
in Council List, 1900, ae fulIowB :— 

Fresithnt—UT. Hknry Withy. 

Vics-Pr§suimts — Mbsbrs. J. R. FnTHERorLii, J, M. EKNNOLDflOir^ 
and Prof. H, L, Wfightok, 

Eon. Trmsum— Mr. O, E, MAfJAHTHY. 

Members of Council — Mehj^rs, R. Hjrst, 

M- 0. Jambs, D. R. MacDonald, T. S. Short, and W. G Spenoe. 



T have to wish you farewell, continued Sir B. C. Browne. My tinae 
as President has come to an end — two very happy and interesting 
years — and my only remaining duty is to ask Mr. Henry Withy to take 
my place. 

Mr. Henry Wrnrv, takiii^^ the chair, said he thanked them very 
much for the honour they had done him in electing him to be the 
President of this most important Institution, and to assure them that 
his services, such as they were, should be freely rendered to the society. 
He ti-usted to receive the very kind assistance which had always been 
^n-aiitcd to former presidents, both by the members and the officials, and 
lie hoped that his term of office miirlit be one of benefit to the Institu- 
tion, and of satisfaction to himself. 



VOTE OF THANKS TO EX-PRESIDENT. 

Mi-. U')HT. Thomi\-on Ii.hI very ureal pleasiuv indeed in rising to 
jfro|t!i<c ;i \()tc ofiliunks to (heir late President, Sir Henjamin C. Browne. 
J! \v;is -oiiicihinL^' like I he old sa \ in;ji- "The King is dead — lonir live the 
Kiii'j/' hilt, lia\ iuL;- passed thi-oiiuh the Presideney himself, he knew that 
>ir l;. iijamin Would l«iok l)ack upon these two years With pleasure. Not 
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only had the discnssions been interesting, but the social side, as far as the 
past President was concerned, had been very successful. They had had the 
naval architects with them, and he was sure all these meetings tended to 
make life full of interest and work more precious. Sir Benjamin had 
presided over the Institution for two years, showing to all that however 
busy a man might be he could always find time for additional duties, 
especially of a character that sought to enlarge the intellectual and 
scientific outlook of his profession. They were two years of useful life, 
and he was quite sure they, the members, had enjoyed the privilege of 
having Sir Benjamin as the Chairman of their meetings. 

Mr. J. R. FoTHEBGiLL (Vice-President) had great pleasure in 
seconding the vote of thanks so ably proposed for their past President, 
and most heartily concurred in all Mr. Thompson had said. There was 
one feature associated with the presidential chair not always realised by 
members, the work done in their Council. Sir Benjamin had been one 
of the most regular attenders, and wise and prudent in guiding the 
actions of the Council. He thought those members of the Institution who 
were privileged to attend the Council meetings would fully endorse this 
and appreciate the efforts of their past President, Sir Benjamin C. 
Browne. 

The vote was cordially accorded by acclamation. 

Sir B. C. Browne said he thanked them very heartily for the kind 
vote of thanks they had given him, but far more than that, he thanked 
them for their uniform kindness and courtesy and forbearance towards 
him during the two years he had held office. One of the greatest 
pleasures of his life had been to help on young engineers, to make their 
lot easier, and to do anything to enable them to stand alone. He felt 
very great confidence in retiring from the position that he had held in 
feeling that he was succeeded by Mr. Withy. The new President was 
well known to them as a shipbuilder chiefly doing his work in the 
southern border of their district, but he had extended his actions and 
was now a Tynesider. He hoped he might have a happy prosperous 
two years of office and have before him a long and useful career in the 
shipbuilding world. If his health was spared he was sure they would 
have cause to be very proud of their new President, both as a valued 
counsellor and scientific man. 
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THE RETIRING OOITNOILLORS, 

Mr. R. Wall r a had great pleasure in proposing a vote of tbanks 10 
tbe retiring members of Council for their very aide services during the 
yeaTp 

Mr. Jas. Stewart Becondod.. The post waa no sinecure. He 
thought the J deserved their Uiwuks for giving up ao mach of their 
valuable time. 

This was carried by acclamation* 



fJLOHE OF THE SESSION. 

The PrtBiiiDENT — As there is no other liuainess I beg to declare the 
SesaioD closed, and we shall, I bope, have the pleasure of meeting again 
in the autumn. 
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MEMOIR. 



WILLIAM STAFFORD. 

William Stafford was apprenticed by indenture to Mr. George 
Fenwick, of South Shore, Gateshead, on the 24th of January, 1863, for 
seven years. Mr. John Bulmer of Newcastle-upon-Tyne was his foreman. 
At the end of the period Mr. Fenwick endorsed the indenture stating 
that the apprenticeship had been served to his entire satisfaction. 

On the commencement of the nine hours' strike, Mr. Stafford went 
to Sunderland and worked for Messrs. Oswald & Co. until he had^ the 
misfortune to lose his hand ; this happened on the very day the strike 
was settled. 

After his recovery he went into the drawing office of Messrs. T. 
Clark & Co., Newcastle-upon-Tyne, and thence to Messrs. R. Stephenson 
& Co., Newcastle-upon-Tyne. He left the latter firm and for some time 
acted as clerk of works at the sinking of the Redheugh Colliery, 
Gateshead. Subsequently he held the position of architect and surveyor 
in connection with the local building trade. 

He again entered the employ of Messrs. Stephenson & Co. about the 
year 1877, succeeding the late Mr. Mordue as chief draughtsman 
in 1879, and was appointed outside manager in 1898, continuing in 
that position until his death. 

His genial manner gained for him many friends, and his sudden 
death, which took place on the 3rd day of November, 1899, cast a gloom 
over a very large circle. 



